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MULTIPLE-POINT UNIT FOR REMOTE AUTOMATIC SPECTRAL ANALYSIS 

O.A. Aleksandrov, V.A. Ivanov, V.N. Karovetskiy, A.N. Lapenko, and 
B.N. Masharskiy 

(Leningrad) 

One of the algorithms of diagnostics of machines and mechan- 1'5" 
isms can be a comparison of the 1/3 octave vibratim characteristics 
of a mechanism, measured by a spectrometer, with records obtalr1;(1 
with precise knowledge of its condition. 

Sutli measurements must be carried out at many points and during 
different modes of operation of the machine, which is connected 
with a large number of like operations, recordings 2nd laborious 
processing of the data. Moreover, because of the random nature of 
the vibration signals, the needles of the measuring instrument lead 
?o errors in reading. 

An experimental model of an automatic spectr2meter has now 
been prod~ced. The automatic spectrometer permits measurement of 
vibrations at 297 points, in the 5-20,000 Hz frequency range and 
in a range of change in vibration level from 36 to 134 dB. The 
dynamlc range of the 1/3 octave analysis is 50 dB, with informa- 
tion iclivery to an automatic recorder and digital-printout. 

The unit consists of three main parts: input devices, intended 
for switching and preliminary amplification of the converter sig- 
nals; measurement and analysis devices; and control devices. 

During automatic operation, the input signal level can change 
in a dynamic range of 100 dB, with a dynamic spectrometer range 
of 50 dB. Therefore, the signal from the switching output is 
atteruated by an automatic voltage divider (AVD) in 10 dB steps, 
so that the analyzer can operate in the iinear dgi,amfc range of 
the spectrometer. 

If the measured signal fluctuates close to the limit of the 
"window," the AVD step, instability can arise in its operation. 
To attenuate this phenomenon, it is possible to extend the limits - /6 
of the "window" by 2 or 4 dB, simultaneo>sly on the high and low 
sides. 

ACter finishing the necessary attenuation of the signal ty 
the automatic divider, sequential measurement of the signbl levels 
and the 1/3 octave filter bands and the integral level is begun. 

- 
BNumbers in the margin indicate pagination Ln the foreign text. 
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To reduce  t h e  a n a l y s i s  t ime ,  t h e  i n t e r r o g a t i o n  AS begun w i t n  
t h e  h igh  f requeccy  f i l t e r  i n t e g r a t o r s .  S u b s e q ~ e n t l y ,  t h e  t o t a l  

p. l e v e l  i n t eg ra4 ;o r  i s  ques t ioned .  The i n t e r r o g a t i o n  ra te  i s  s e l e c t e d  
7 w i t h  c o n s i d e r a t i o n  of t h e  d u r a t i o n  of t h e  t r a n s i t i o n  p r o c e s s e s  i n  

t h e  i n t e g r a t o r s  of  t h e  lowes t  f requency  f i l t e r s ,  f o r  "white"  and 
"pink" t y p e  s i g n a l  n o i s e s .  I f  t h e  s i g n a l  l e v e l  from t h e  s e n s o r  

i change3 d u r i n g  t h e  t ime of t h e  au toma t i c  i i i t e r :  & g a t i o n  and goes  
1 beyond t h e  l i m i t s  of  t h e  AVD s t e p  "window," f u r t h e r  au toma t i c  
1 measurement i s  s topped ,  w i t h  a p p r o p r i a t e  s i g n a l s .  

Experience i n  o p e r a t i o n  o f  t h e  u n i t  bas  demor~s t r a t ed  t h a t ,  
by use  of i t ,  t h e  r e l i a b i l i t y  of t h e  d a t a  ob ta ined  i s  i n - r e a s e d  
and t h e  time f o r  me;?sursment and p roces s in ,  &,he r e s u l t s  i s  dec reased .  



SYSTEM FOR AUTOMATED MEASUREMENT 
OF FUTJL-SCALE NOISES AND VIBRATIONS 

G.S. Lyubashevskiy, B.D. Tartakovskiy, and V.E. Frishberg 
(Moncow) 

Devices for measurement of the electrical spectrum of a 
signal, full-scale noises and vibrations include a set of parallel 
filters, with detectors at the filtration channel outlet [I], 
However, knowledge of the ener. ! spectrum is insufficient for 
plotting an equivalent diagram of the active sources of noises and 
vibrations and for disclosing the interconnections between signals 
at various points in an object, More complete nf rmation is 
given by a reciprocal spectral density matrix G +On9 [ 2 ] ,  the ele- 
ments of which are written in the form 

where t 
c':*nI 1 

I :  = l i m  t.-, - T . p' ( ; ) . ~ i ‘ " " ' , ; ~ . d ~  

and f 
I ~ " ' i  -- ( <Ln'(r , .  q w n ' l r l . m  

T-r .  
0 

6 = 1, 2, .... m; j = 1, 2 ,  ..., m; m is tke number of measurement /7 
. . - 

paints and F!lunl(tl is the signal, integrally coupled kith signal 

F -(wn) (tl atY the j-th measurement pojnt, passing through the band 
filter with a frequency wn, n = 1, 2, . . . , N. The symmetry of 

(W ) the meAVix G n permits the measurement of elements ~ { r )  to be 
limitea to 6 S j and, in this manner, the experiment t e to be 
cut ap roximately in half. Then, the nunber of measurements reaches 
s 30 rns in the third octave analysis in tne sound range of' frequen- 
cies. 

A functional diagram of the processing arrangement included 
in thc automated measurement system is presented in Fig. 1. The 
signal from the measurement point, after amplification Fl(tl, F2(t), ... F,ftl, enters the two switches of channels KKl and KK2. By 

I 
control commands U1 and U , the channel switches connect signals 
F-ft) and FElt) to the infets of two identical filters 41 and @ a .  
~flters 41 and 42 are sets of band filters, with frequencies wl, 
~ 2 ,  ..., ON, having a common inlet and separate outlets. By con- 
trol command U3, the switches of filters k4l and k42 connect 

slgnels ~j~n)(t) and Ffwn)(t), passing through the band filters E with frequency w,, to he amplifier inlets, with automatic 



d i s c r e t e  g a i n  c o n t r o l  dev ices  A G C l  and AGC2 C31. S i g n a l  kZFg('n) ( t )  
i s  t r a n s m i t t e d  t o  both  m u l t i p l i e r  i n l e t s .  S i g n a l s  

k .Y1~!'n'(t) and KIPj( 'n)( t ) ,  s h i f t e d  by 90' r e l a t i v e  t o  one a n o t h e r ,  

I e n t & r  t h e  second m u l t i p l i e r  i n l e t s .  The d i r e c t  c u r r e n t  
Z vo l t ages  from t h e  averager  o u t l e t s ,  equal  t o  w i t  i n  t h e  pro- 
i ~ o r t i o n a l i t y  c o e f f i c i e n t  t o  t h e  va lues  c!:") and 4 k n ) ,  a r e  t r a n s -  

~ - 
fo rced ,  i n  success ion ,  i n t o  d i g i t a l  f s r Z  '-- T Y  ~ i a l ~ g - d i g i t a l  conver- 
t e r  AbC. Ft l r ther ,  a l l  t h e  informat ion  ( c J t n  and 4S(p) , g a i n  

f a c t o r s  KI and K 2 ,  band f i l t e r  f r e q u e n c i e s - o  ) i s  t r a n s m i t t e d  t o  
t h e  d i g i t a l  computer c o r e  memory o r  i s  recoraed  i n  t h e  memory 
S u f f e r  r e g i s t e r ,  

to 
d i g i t a l  

4 '  u 

Fig .  1. 

Af te r  each change-over of swi tches  K K l  and K K 2 ,  a  d e f i n i t e  - /8 
t ime i s  r e q u i r e d  f o r  a s e a r c h  f c r  t h e  necessary  g a i n  f a c t o r ,  
which i n c r e a s e s  t h e  t o t a l  measurement t ime.  However, u se  of t h e  
automatic ga in  c o n t r o l  permi ts  t h e  range of change i n  measured - 

values  ~ j t n )  and Q J Y ~ )  ts be reduced t o  40 dB, w i t h  a  range i n  
( 1  I (,) c h a n ~ e  i n  e f f e c t i v e  va lues  of t h e  s i g n a l s  FIWn' ( t  ) and i S w n  

wi th in  80 dB each. 

A s i m p l i f i e d  f u n c t i o n a l  diagram of t h e  c o n t r o l  system 
arrangement i s  p resen ted  i n  F ig .  2 .  The c o n t r o l  dev ice  i n c l u d e s  
t h r e e  ser ies-connected s h i f t  r e g i s t e r s  Ti - T;, T I  - Ti, T f t -  T;;? 
A t  t h e  s t a r t - u p  command, t h e  system i s  brought t o  t h e  s t a t e  of 
c a l c u l a t i o n  of el-ements of t h e  f i r s t  row of ma t r ix  G ( u ~ )  

(beginning wi th  G:yn)) .  Then, t h e  p u l s e  t iming g e n e ~ n t f ) ! ~  TT? 
e n t e r i n g  s h i f t  r e g i s t e r  Tf, by command U I ,  connects  s i g n a l  PCu;) 3 ( t )  

i n  sequence, f o r  c a l c u l a t i o n  of G ~ Y ~ ) ,  Af t e r  c a l c u l a t i o n  of 

? 

- 



G~:I), a  p u l s e  from T 6  i s  t r a n s m i t t e d  t o  s h i f t  r e g i s t e r  T r t  and, 

by commands U I  and U 2 ,  t h e  system i s  brought t o  t h e  s t a t e  f o r  
c a l c u l a t i o n  of e lements  of t h e  second row of t h e  ma t r ix  (beginning  
wi th  G X 2  iw l ) ) .  The c y c l e  i s  r epea ted  u n t i l  t h e  complet ion of 
c a l c u l a t i o n  of a l l  e lements  of t h e  ma t r ix  a t  frequency w l .  F u r t h e r ,  
t h e  p u l s e  from T i  i s  t r s n s m i t t e d  t o  s h i f t  r e g i s t e r  T V t  and, by - /g 
commands U I ,  U 2  and U3, t h e  system i s  brought t o  t h e  s t a t e  f o r  
c a l c u l a t i o n  of e lements  of t h e  fo l lowing  ma t r ix  G ( w 2 ) ,  Af t e r  c a l -  - 

c u l a t i o n  of t h e  elements  of a l i  m a t r i c e s  G (01 1 ,  G ( ~ 2 )  , ..., G ( w N )  
9 

t h e  system i s  s topped By a  p u l s e  from T f S ' ,  e n t e r i n g  t h e  c o n t r o l  
f l i p - f l o p  T .  

6 

Start 

F i g .  2 .  

I n  t h i s  manner, t h e  automated measurement system pe rmi t s  a 
ma t r ix  G t o  be ob ta ined  f o r  each of t h e  f r e q u e n c i e s  w l ,  02,  ..., WTL, * * * )  W N :  

1 
I - - . I  



The information obtained on the interaction of signals from 
various sources can be used in sound diagnostics problems and in 
control of noises and vibrations. 
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METHOD FOR EXPERIMENTAL DETERMINATION OF TH2 
CONTRIBUTION OF INDIVIDUAL SOURCES TO TOTAL NOISE 

]<.A. Rubichev 
(Moscow) 

Let there be n noise sources in an object being studied 
(various mills, mechanisms, individual assemblies of one mecha- 
nism, etc.), each of which generates its signal xi(t) (i=l,l, ..., n). 
We will consider that the medium transmitting the sound is linear. 
Then, the noise formed z(t) at the observation point can be pres- 
ented in the form of a block-diagram (Fig. 1). 

In direct proximity to /10 
the i-th source, let us locate 
a receiver, at the outlet of 
which the signal will have 
the fo m Zi(t)=~~(t)*Kif~), 
where gi(o) is a complex coef- 
ficient of transfer of the 
noise of the i-th source to 
i-th receiver. We disregard 
the penetration of signals 
from other sources. 

A method is proposed 
Fig. 1. K~(u) is a complex coef- below, which is similar to 
ficient of signal transfer from synchronous detection by quad- 
a source to the observati~n rature components, which per- 
point and ~ ( t )  is the additive mits determination of the 
noise of the medium. component Niv of the total 

power Nu, caused by the i-th 
source, in a qulte narrow 

frequency band "1. The signal b.(t),passing through the 
band filter with pass vand [nv-,; no], - - 1s useG as the reference 
signal. The subscript v covers ~ 1 1  values insuring full coverage 
of the spectrum of signal x~(T). 

We introduce the following designations: 

a u ( t )  - is the result of transformation of signals z(tl by a 
band filter with p&s band [Qv,z;nv], 

xiv(t) - is the same, in conversion 3f signal xi (t) , 
1 Ziv(t) - is the same for signal $i(t), and 
f aiu(t) - is the same for signal ~i (&)=a ($1-yi (tl. 



We analyze the quantity 

where 
1 \ .j;:[;) . ? , c ~ r ~ =  - d s -  . . 

is the Gilbert conversion of signal Z i ,  (TI. 

Having made certain transformations, considering the small-/ll - 
ness of the frequency band [ n v - l ; Q , ]  and disregarding higher 
order smallness terms, we can write 

where A i v ( t )  and $ i u ( t )  are the envelope and phase of signal x i , ( t ) ,  
and A z i v ( t )  and $ , i V ( t )  are the same for the signal Z i v ( t ) .  
(The line above the quantity indicates its average.' 

Since the mean value g i v  equals KZ(~,)B$ (w,) c+;, ( t )  12, and 
its dispersion tends toward zero with an unbounaed increase 
T , q i v  can be considered unskewed and an effective estimate of 

2 !:he value K; ( o , ) i @ o , )  ~x:, ( t )  12. 

Considering that the power 

wt.? can WA .~te 

A block diagram of the arrangement for measurement of 
ATi7 is shown in Fig. 2. 



Having determined Ni , 
it is easy to determine tie 
total power of the signal at 
the observation point, which 
is caused by the i-th source, 

= 2 N,. ( 4 )  
r 

Fig. 2. BQv, band filter with 
pass band; GC, Gilbert converter 
(wide-band phase-shifter with 
90' phase shift); Ph power meter; 
&,quadrator; D,divider. 



USE OF THE MATHEMATICAL MODELLING METHOD FOR THE INVESTIGATION 
OF DYNAMIC CHARACTERISTICS OF ACOUSTICAL XEASURING INSTRUMENTS 

.~ \ 

Yu. M. Vasillyev and L.F. Lagunov 
(Moscow) 

The dynamic parameters of measuring devices with needle in-r12 
dicators completely determines the errors in measurement of sig- 
nals, of complex shapes. To carry out detailed studies of the 
errors of such instruments, it is proposed that the mathematical 
modelling method be used. 

The error in measurement of the peak value of pulses of var- 
ious shapes, depending on their duration and repetition rate, 
was studied on models, by means of a type MN-7M analog computer. 
As a consequence of the diversity of real signals, the minimum 
and maximum errors obtained in measurement of square and sawtooth 
pulses, accordingly, were determined, Triangular-shaped and 
exponentially decreasing pulses, which are idealized sound shapes, 
were used as intermediates. It was shown that the dependence of 
error on pulse shape and duration is quite considerable, and that 
it is difficdlt to take account of it during measurement of real 
signal s. 

Therefore, it was proposed to introduce a device into the 
measurement circuit which expands the signal, according to the 
peak or any other measured value, to such a length that it can 
be measured with thz necessary accuracy. 

The results of measurement by  he model instruments, with 
expanded exponential pulses, single ones and series of them, are 
presented in Fig. 1. The error in measurement is defined here b~ 
the difference between deflection angle ac=0*8 rad, correspond- 
ing to the peak signal value, and actual deflection angle a. 
The lower curves on the graphs are the readings of the 
instrument without pulse expansion (the amplitude of the needle 
fluctuations is shown in Fig. lb), and the remaining ones, with 
expansion to a duration of 500 maec, with different time constants 
in the expander charge storage capacitance circuit ~ c h *  

Similar relationships were obtained for pulses of different 
shapes. It was shown that,by appropriate selection of values of 
T C ~ ,  practically complete independence of the instrument readings 
from pulse shape and duration can be acheived in the specified 
range. The error, within an angle of 0.01-0.05 rad, /14 - 
does not exceed 1-2dBin level, even in the left part of the 
logarithmic scale of the instrument, where the divisions are 
closest. The necessary duration of the expansion depends on the 
specific parameters of the instrument, and it can be determined 
experimentally. 



Pulse duration, msec Pulse repetition ra+?-.,rnsec 

Fig. 1. Raadings of instrument with expander, in measure- /13 
ment of single (a) and a series ( 6 )  of exponentially decreasing 
pulses. 

Fig. 2. Schematic diagram of  measuring device with pulse expander. 



A schematic  diagram of a measuring d e v i c e  wi th  s i g n a l  p u l s e  
expander i s  p resen ted  i n  F i g .  2 .  It c o n s i s t s  of s e n s o r  1, ampli- 
f i e r  2,  d e t e c t o r  3, connect ing  r e s i s t o r  4 ,  low-loss c a p a c i t o r  5, 
d iode  6 ,  de l ay  r n u l t i v i b r a t o r  7 ,  d i s c h a r g e  c i r c u i t  8 and 9, e m i t t e r  
r e p e a t e r  10 and need le  i n d i c a t o r  11. Upon t ransmiss ionof  a  s i g -  
n a l  p u l s e  t o  t h e  i n l e t ,  capac i to r  5 i s  charged,  through t h e  de tec -  
t o r  and r e s i s t o r ,  t o  a v o l t a g e  c l o s e  t o  t h e  peak va lue  of t h e  
inpu t  s i g n a l .  

The charge c i r c u i t  parameters  a r e  c a l c u l a t e d  i n  such a  man- 
ne r  tha t  a l o w  dependence of t h e  r e s d i n g s  on s i g n a l  shape 
i s  provided,  w i t h i n  a g iven  range  of s i g n a l  d u r a t i o n .  The mul t i -  
v i b r a t o r  c l o s e s  t h e  d i scha rge  c i r c u i t  f o r  a t ime which is su f -  
f i c i e n t  f3r a p o s i t i v e  r ead ing ,  and i t  t h e n  
qu ick ly  d i s c h a r g e s  t h e  c a p a c i t o r .  



INDUSTRIAL REALIZATION OF A DIRECT FOURIER TRANSFORM I N  
AUTOMATED EXPERIMENTAL GATA PROCESSING SYSTEMS 

G.S. Lyubashevskiy 
(Moscow) 

I n d u s t r i a l  r e a l i z a t i o n  of a  d i r e c t  F o u r i e r  t ransform comes 
down t o  c a l c u l a t i o n  of t h e  va lue  

where F2 (t)=UZ. e-iwt. This  i s  e q u i v a l e n t  t o  t h e  nonresonator  
method of t ! l t r a t i o n  of s i g n a l  F l ( t ) ,  wi th  a paszbandde te rmined  
by t h e  e l e c t r i c a l  c i r c u i t  parameters.  The c a l c u l ? , t i o n  r e s u l t ,  
i n  t h e  form of a d i r e c t  c u r r e n t  volta.ge, i s  t . . l s i l y  transfoi-med 
i n t o  numerical  form. Thanks t o  t h e  i n d i c a t e d  advantages ,  a lgo-  
r i t h m  (1) i s  used i n  automated exper imenta l  d a t a  p r o c e s s i ~ g  
systems [1,21. 

Time-pulse m u l t i p l y i n g  dev ices  [ 3 , 6 ]  a r e  widely used f o r  /15 
c a l c u l a t i o n  of t h e  product  F l  ( t )  . F2 I t ) ;  t h e y  have advantages over  
o5her ana log  methods o f  m u l t i p l i c a t i o n  [ 7 ] ,  s i n c e  an a d d i t i v e  
i n t e r f e r e n c ~ r e d u c i n g  t h e  r e s o l v i n g  power of t h e  dev ice ,  i s  in-  
he ren t  i n  t h i s  method of m u l t i p l i c a t i o n .  

Let us  e s t i m a t e  t h e  va lue  of t h e  r a t i o  of t h e  i n t e r f e r e n c e  
energy t o  t h e  s i g n a l  energy.  

It i s  known t h a t  t h e  t o t a l  energy i s  determined wi th  complex 
c o e f f i c i e n t s  of expansion of t h e  s i g n a l  a t  t h e  o u t l e t  of t h e  
dev ice  i n  a  F o u r i e r  s e r i e s .  With pulse-widthmodulation of a  
high-frequency s i g n a l  of ampli tude A and pe r iod  T*,  d pulse-widti1 
s e  uence of p u l s e s  i s  produced by t h e  f i rs t  f a c t o r  F l ( t )=Uls in  
2n3 [ 6 ] .  Then, t h i s  p u l s e  sequence i s  used f o r  ampli tude modula- T 
t i o n  of t h e  second f a c t o r  ~ ~ ( t ) = ~ ~ s i n ( 2 n ~ + ( ) ,  a s  a  F a s u l t  of which 

T 

where 



IP - 
a=! l  i t 3  t h e  d e p t h  01' t h e  wid th  modula t ion  and n=1,2, ... T*. 

A 
Then, t h e  complex c o e f f i c i e n t s  o f  expans ion  of t h e  f u n c t i o n  

f ( t )  

After i n t e g r a t i o n  and summation of ( 5 ) ,  we c b t a i n  a  f i n a l  expres -  
s i o n  f o r  t h e  c o e f f i c i e n t  Ck: 

After ave rag ing  f u n c t i o n  p ( t )  w i t h  t r a n s f e r  f u n c t i o n  W ( j o ) =  
l / ( l - i w r ) ,  where T i s  t h e  ave rag ing  t ime c o n s t a n t ,  i n  t h e  d e v i c e ,  
t h e  s i g n a l  expans ion  c o e f f i c i e n t  a t  t h e  o u t p u t  of  t h e  d e v i c e  w i l l  
be exp res sed  as 

From t h i s ,  f o r  S=0 

i . e . ,  t h e  d i r e c t  c u r r e n t  v o l t a g e  a t  t h e  o u t l e t  of  t h e  d e v i c e ,  c c r -  
r e c t  w i t h i n  t h e  p r o p o r t i o n a l i t y  c o e f f i c i e n t ,  e q x a l s  t h e  v a l u e  
sought  R. Components of t h e  spec t rum C i  f o r  K > > 1  are t h e  a d d i t i v e  
i n t e r f e r e n c e .  Then, t h e  r a t i o  of  t h e  i n t e r f e r e n c e  energy t o  t h e  



useful signal energy is 
7 2 

7 c i a  
d 

2C c i a  
k - 0  I+(;)' ., = .. . - - 1 2 ------- - 1 r ( 9 )  

lc;)' It;)' ( v T Z Z $  mq)' ' 

~t (%)2<<1, which is always satisfied, 

It is clear from the solution obtained (10) that the ratio/l7 
of the interference to the useful signal energy is inversely proT 
portional to the square of the product of the depth of the width 
modulation and the ratio of the time constant averaging to the 
cross-multiplied signals. 
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DISCRETE RE~uI~ATION OF TRANSE'ER FUNCTION OF A CIRCUIT 
IN EXPERIMENTAL DATA AUTOMATIC COLLECTION AVD PROCESSING SYSTEMS 

G.S. Lyubashevskiy, A.A. Petrov, I.!. Sanayev and 
V . E -  Frishberg 

(Moscow) 

In systems Por automatic collection and processing of experi- 
mental data in analog form [l-31, the lyrsmic range of input 
sicnals of the processing dezices does nct exceed 56-60 dB in 
the best case, which is significantly less than the actual dynarnic 
range of change in vibration levels, which reaches 80-100 dB. 
Therefore, it is advisable to use dlscrete control of the trans- 
f el1 f unc t3.on of the circuit, for coordination of the 
ciynarnic r?,i-~ge of the vibration level change, on the one hand, 
and the srgnal range at the processing device output, on the 
other nar !. Autonoinous amplication systems with autoinatic djs- 
cret.e gain control, connected afteA1 each fil te? and permitsing - /18 
Lne rated effective signal value to be maintainr4, is useful in 
narrow ban4, noise analysis. 

Statistical characteristics K=K(u~) and uout=u Ut(uin), ex- 
plaining the principle of operation of the device gy the example 
of a 4-stage automatic control system, are presented in Fig. 1. 
It I s  clear from the qualitative relationships presented that, 
by change in u within the limits of a dynamic range of D dB,  
due to automat ? c *' selection of the transfer function K, 
the value of the uou , changes within a dynamic range of 4 dB. In 
principle, the selecEion of the value of D, like the nueber of 
control steps, is determined by a compromise between tho rsquire- 
ments of dynamic input signal range and maxirnun~ contro; time 
placed on the processing device. 

- - -  
,- ~9 ~ r o c k ~ '  &zJ+Fl 1 
I srng d e v i  e 

1 t 

tor Code 

Fig. 1. 

Let us examine the functional diagram of the device developed 
for discrete control of the circuit transfer function (Fig. 2 ) .  
The input signal idn,ln the dynamic range of 80 dB + 10-1V1 



pas?es  th rough  a t t e n u a t o r  AT, hav ing  one of  t h e  t r a n s f e r  
f unc t i o n s  w i t h i n  t h e  s e r i e s  1, 10-3 ( ~ = 2 0 d B ) .  
The a t t e n u a t o r  t r a n s f e r  f u n c t i o n  i s  s e t  i n  accordance  w i t h  
t h e  s t a t e  o f  d o ~ b l e  b reak  c o u n t e r  T1-T2 i n  such a  manner 
t h a t  t h e  ou tpu t  o f  t h e  nex t  a m p l i f i e r  i s  w i t h i n  dynamic r ange  
D=20dB. A f t e r  d e t e c t i o n  of  t h e  s i g n a l ,  uout  e n t e r s  t h e  i n l e t  
of t h e  minimum CC -maximum CC comparator  . The r e sponse  
l e v e l s o f  t h e  compg@tor ccrresegf id  t o  t h e  lower  dnd upper  l e v e l s  
of t h e  s i g n a l  uout, w i t h i n  t h e  s e l e c t e d  l i m i t s  of  t h e  r a n g e  of 
change u o ~ t  min- Uout max* 

F i e .  3 .  

A t  a  uout s i g n a l  l e v e l  w i t h i n  t h e  s e l e c t e d  r a n g e  (uoutm. /19 9 - <Uoat  <uout  max), t h e  CCmin sys tem t r i p s ,  t h e r e  i s  no p o t e n t l a  
a c r o s s  t h e  HE and CCm,,systems, t h e  I system i s  c l o s e d  and p u l s e  
t iming  g e n e r a t o r  PTG 1s c u t  o f f  from t h e  c o u n t i n g  i n l e t  o f  
coun te r  Tl-T2. T h i s  c o n d i t i ~ n  of  t h e  d e v i c e  co r r e sponds  t o  a  
c o r r e c t l y  e s t a b l i s h e d  a t t e n u a t o r  t r a n s f e r  f u n c t i o n .  A t  
a  u,,t s i g n a l  l e v e l  beyond t h e  s e l e c t e d  r a n g e  (uoU < umin o r  iioui' 

%ax ) 3 system I opens,  g e n e r a t o r  G i s  swi tched  on t o  t h e  c o u n t e r  
i n l e t  and a s e q u e n t i a l  s o r t i n g  of  t h e  a t t e n u a t o r  t r a n s f e r  
f u n c t i o n  beg ins ,  u n t i l  t h e  c o n d i t i o n  ~ ~ ~ ~ ~ ~ ~ < u ~ ~ t ~ u ~ ~ t ~ ~ ~  
i s  s a t i s f i e d .  

To i n c r e a s e  t h e  c o n t r o l  speed ,  t h e  d e t e c t o r  c a p a c i t o r  i s  
p e r i o d i c a l l y  d i s cha rged ,  w i t h  a d e l a y  T w i t h  r e s p e c t  t o  t h e  
main sequence of c y c l i c  p u l s e s .  T h i s  p e r m i t s  t h e  f r equency  



nonuniformity of the detector to be reduced, while maintaining 
the required dynamic control. 

Experimental verification of the device has demonstrated 
that, in the 20-20 lddz signal range, witk a frequency nonuniformity 
of approximately lo%, the maximum contro; speed does not exceed 
0.5 sec. 
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ESTIMATION OF ERRORS I N  MEASUREMENT OF 
._STATIONARY SIGNALS FROM A CONTINUOUS FREQUENCY 5,ZND SPECTRUM 

V.A.  Ivanov 
(Leningrad ) 

E r r o r s  a r i s e  i n  t h e  measurement of  s i g n a l s  i n  2 frequency 
band, which a r e  caused by passage o f  p a r t  o f  t h e  energy through 
l a t e r a l  branches and through r e g i o n s  of de lay  i n  t h e  f i l t e r  char-  
a c t  mist  i c s .  Therefore ,  i t  i s  a d v i s a b l e  t o  e s t i m a t e  t h e  measure- 
ment e r r o r  of f i l t e r s  w i t h  t ransconductance  d rops  i n  t h e  branches 
of t h e  frequency c h a r a c t e r i s t i c s  a # = and dynamic range D # =. 
It i s  assumed t h a t ,  on t h e  l o g a r i t h m i c  s c a l e ,  f i l t e r  f requency 
c h a r a c t e r i s t i c s  a r e  r e p r e s e n t e d  i n  t h e  form of  an i s o s c e l e s  t r a p e -  
zoid and t h a t  t h e  inpu t  s i g n a l  has  a cont inuous  spectrum i n  t h e  
frequency range  from Q1 t o  Qh. 

The measurement e r r o r  i s  determined i n  t h e  form of  a r a t i o  
of  power P$ and P1-2, a t  t h e  o u t l e t s  o f  a r e a l  and an  i d e a l  f i l t e r :  

If t h e  mean normalfzed geomet r i ca l  f i l t e r  f requency (F ig .  1) 
i s  des igna ted  by Qm, t h e  l i m i t i n g  f r e q u e n c i e s  ill and Q2 and t h e  
c u t o f f  f r e q u e n c i e s  Qc and Qd can be p resen ted  i n  t h e  form [l] 

r h e r e  a = 2N/a, K i s  a p r o p o r t i o n a l i t y  c o e f f i c i e n t  equa l  t o  ?F, 
fi and 47 f o r  t h e  1/3,  1/2 and 1/1 oc tave  f i l t e r s ,  r e s p e c t i v e l y ,  

- - 

N i s  t h e  l e v e l  of  dec rease  of t h e  f i l t e r  c h a r a c t e r i s t i c s  a t  
f r equenc ies  Ql and Q2, i n  dB, and a  i s  t h e  t rap.sconductance drop  
of t h e  branches of t h e  f i l t e r  f requency c h a r a c t e r i s t i c s ,  i n  dB/oc- 
t a v e .  

I n  accordance wi th  F ig .  1, pOwp2 Pm can be determined i n  t h e  1 2 1  
form 

- 

The powers of t h e  s p e c t r a l  components PC and P , which would f i l t e r  
through t h e  l e f t  and r i g h t  branches of t h e  f i l f e r  c h a r a c t e r i s t i c s  
as D + -, can be ob ta ined  i n  t h e  form 



Fig .  1. 

Key: a .  F i l t e r  s t a t i s t i c a l  c h a r a c t e r i s t i c s  
b.  Input  s i g n a l  spectrum s l o p e  
c .  F i l t e r  dynamic c h a r a c t e r i s t i c s  

where 
m .  I , = - -  Q .  

3.0103 ' 
y = - 

3,0103 ' 

m i s  t h e  i n p u t  s i g n a l  spectrum s l o p e  i n  dB/octave; and S, i s  t h e  & j 
s p e c t r a l  d e n s i t y  a t  f requency Qmm, i n  dB. The powers o f  t h e  s p e c t i a l  
components i n  t h e  Sic - Qd and Ql - Q2 bands equa l  



Expression (2)  has physical  meaning only a t  ly 1 > ITI + 11, 
and expression ( 3 ) ,  a t  In  K 2 I n  a ,  from which t he  limits of t h e  
slope of t he  frequency c h a r a c t e r i s t i c  branches a r e  obtained.  For 
t h e  1/3, 1 / 2  and 1/1, we have a l l 3  2 6N, a l l 2  2 4~ and a l l 1  2 2N, 

respec t ive ly .  The power Pl-h of the  s p e c t r a l  components i n  t h e  
frequency range Q1 - Qh, bounded above by t h e  s t r a i g h t  l i n e  m', 
equals 

S m -  D (Qh ' - q- ' ). 

In  a  s imi l a r  manner, powers PA, PA and P&, i n  accordance w i t h  
Fig .  1, equal  

a;. Sb 
a n - Y  - 1 pd 

. d Q e  2' .- - 
D ' 

where 
D D 

Q i = Q C ' 2 y ;  ~ - 2 ;  . Q ~ .  

j 
Analysis of formula (I) ,  f o r  1/3-1/2 and 1/1 octave f i l t e r s  

and t h e  values m = 12-6 dB/octave, Oh/Ql = 500, a  = 20  dB/octave ; 
and a = 1 0 0  dB/octave, shows t h a t  t h e  ~easu remen t  e r r o r  6 ,  a t  G 

small values D = 30-50 dBI f o r  s i g n a l s  with a  s t eep  s lope m ,  can 
reach t e n s  of dec ibe l s .  A t  small values of t he  dynamic ranges of 
t h e  f i l t e r s ,  t h e  measurement e r r o r  6 quickly decreases w i t h  in-  
crease  i n  D. I n  t h i s  s ec t i on ,  6 i s  p rac t i cL l ly  independent of a. 



However, w i t h  f u r t h e r  i n c r e a s e  i n  D t o  50-70 dB, t h e  e r r o r ,  - /23 
a l though it decreases ,  does not  do s o  a s  r a p i d l y ,  s i n c e  i t s  
dependence on a begins t o  appear  g radua l ly .  With s t i l l  g r e a t e r  
i n c r e a s e  i n  D ( t o  70-90 dB), t h e  e r r o r  depends only J n  2, and, 
f o r  f i l t e r s  w i t h  a a 20 dB/octave, does not  exceed 2.4 dB,  and 
f o r  f i l t e r s  wi th  a - 100 dB/octave, does not  exceed 0.4 dB. 

Conclusions 

I n  des ign  of appara tus  f o r  frequency a n a l y s i s  of s i g n a l s  wi th  
a continuous spectrum, t o  decrease  t h e  e r r o r s ,  t h e  dynamic range 
of t h e  f i l t e r s  must be expanded t o  80 dB and more o r  t h e  input  
s i g n a l  s p e c t r a  must be l i m i t e d  beforehand, w i t h  t h e  a i d  of range 
f i l t e r s .  A s e r i e s  connect ion of s e v e r a l  band f i l t e r s  can g ive  the  
most e f f e c t i v e  r e s u l t s .  
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AUTOMATIC MEASURING DEVICE FOR OCTAVE ANALYSIS OF NOISE 

D , L ,  Memnonov and A.M. N i k i t i n  
(Moscow) 

. I  The ins t rument  c o n s i s t s  of  a  r e c o r d e r ,  s e r i a l  t a p e  r e c o r d e r  
' ; and decoder ,  w i t h  p u l s e  coun te r s .  The n o i s e  l e v e l s  a r e  recorded  

on t h e  t a p e  r e c o r d e r  i n  coded form. They a r e  counted by t h e  pu l se  
coun te r s  i n  t h e  decoder .  ,, 1 

j 
I i t The r e c o r d e r  measurement system forms audio  s i g n a l s ,  each  

of which i s  p r o p o r t i o n a l  i n  d u r a t i o n  t o  t h e  t o t a l  o r  one of t h e  
oc tave  n o i s e  l e v e l s .  These s i g n a l s  a r e  recorded  on t h e  t a p e  
r e c o r d e r .  

The measurement c y c l e  of t h e  r e c o r d e r  c o n s i s t s  of f o u r  p a r t s .  
F i r s t ,  t h e  t e n s ,  t h e n  u n i t s  of d e c i b e l s  of  t h e  t o t a l  n o i s e  l e v e l  
are recorded;  then  t h e  t e n s  of d e c i b e l s  01' t h e  oc tave  l e v e l s  a r e  
recorded  and, f i n a l l y ,  t h e  u n i t s  of d e c i b e l s  of  t h e  oc tave  n o i s e  
l e v e l s .  

The oc tave  l e v e l s  a r e  counted r e l a t i v e  t o  t h e  t o t a l  n o i s e  
l e v e l .  A l l  oc t ave  l e v e l s  a r e  recorded  s imul t eneous ly .  

Besides t h e  audio  s i g n a l s ,  square  p u l s e s  a r e  c o n t i n u a l l y  /% 
recorded  on one of t h e  f r e q u e n c i e s ,  a t  a cons tan t  c a r r i e r  f r e -  
quency. 

A block-diagram of  t h e  r e c o r d e r  i s  shown i n  F ig .  1. 

The r e c o r d e r  c o n s i s t s  of  an o v e r a l l  e q u a l i z i n g  channel ,  e i g h t  
oc tave  l e v e l  channels ,  wi th  p a r a l l e l  o p e r a t i n g  oc tave  f i l t e r s ,  
square  pu l se  channel  and programmer. A l l  t e n  channels  have aud'o 
g e n e r a t o r s ,  w i t h  noncoinc ident  f r e q u e n c i e s ,  a t  t h e  o u t l e t s .  

The a t t e n u a t o r s  a r e  switched by t h e  programmer, i n  a c c o r d a w e  
w i t h  t h e  square  p d l s e s  e n t e r i n g  i t .  Audio g e n e r a t o r s  1-9 a r e  
switched on a t  t h e  i n i t i a l  moment of o p e r a t i o n  of  t h e  chsnnel ,  
and they  a r e  switched o f f  by t h e  comparators.  I n  changing from 
r e c o r d i n g  of t h e  t e n s  o f  d e c i b e l s  t o  r e c o r d i n g  t h e  u n i t s  of' d e c i -  
b e l s ,  t h e  r e f e r e n c e  v o l t a g e s  on t h e  comparators a r e  inc reased  
by 1 0  dB. A t  t h e  i n i t i a l  moment of t ime ,  t h e  a t t e n u a t o r s  a r e  
s e t  a t  maximum a t t e n u a t i o n .  

To o b t a i n  more r e l i a b l e  d a t a ,  an au tomat ic  t en - fo ld  repe-  /25 
t i t i o n  of t h e  measurement c y c l e  i s  provided a t  each  measurement 
poi l i t ,  and,  only a f t e r  t h i s ,  i s  t h e  t r a n s i t i o n  to a new po in t  made. 

The programmer swi t ches  o f f  t h e  t a p e  r e c o r d e r  a f t e r  complet ion 
of t h e  planned measurement program. 



- - 

Fig .  1. Recorder block diagram: 

m Microphone 
m s  Microphone swi t ch  
l a , 2 a  At t enua to r s  
lu ,2u  Ampl i f ie rs  
d  D e t e c t m  
c Comparator 
c r  Cathode r e p e a t e r  

oQl . . . o@g Octave f i l t e r s  
gi ...el0 S i n u s o i d a l  v o l t a g e  g e n e r a t o r s  

S& Square p u l s e  g e n e r a t o r  
M Mixer 
P Programmer 
TR Tape r e c o r d e r  

In  c a r r y i n g  out  dec iphe r ing ,  t h e  magnetic t a p e  r e c o r d  i s  
rep~*oduced by t h e  t a p e  r e c o r d e r ,  connected t o  t h e  decoder  ( 2 ) .  

The decoder  c o n s i s t s  of a s e t  of  f i l t e r s ,  w i t h  d e t e c t o r s  a t  
t h e  o u t l e t s .  Each of  t h e  f i l t e r s  i s  tuned t o  one of  t h e  audio  
s i g n a l  f r e q u e n c i e s  recorded  by t h e  t a p e  r e c o r d e r .  One o f  t h e s e  
f i l t e r s  i s  tuned  t o  passage of t h e  square  p u l s e s .  I n  a d d i t i o n ,  
t h e  decoder  i n c l u d e s  a c o n t r o l  d e v i c e ,  p u l s e  c o n v e r t e r  and p u l s e  /26 
coun te r s .  Pu l ses  go t o  a l l  n i n e  coun te r s  through t h e  squa re  
p u l s e  channel  and through t h e  c o n t r o l  device .  

Each coun te r  counts  p u l s e s  only i n  t h e  presence  of  a c o n t r o l  
v o l t a g e  i n  t h e  c o n t r o l  d e v i c e ,  I n  t h i s  manner, t h e  number of 
p u l s e s  counted proves t o  be p r o p o r t i o n a l  t o  t h e  d u r a t i o n  of  t h e  
contsacil v o l t a g e  and, consequent ly ,  t o  t h e  n o i s e  l e v e l .  I n  o r d e r  
t h a t  each p u l s e  i s  perce ived  by t h e  c o u n t e r s  as t e n t h s  of a p u l s e  
i n  t h e  measurement c y c l e  pe r iod  when t e n t h s  of  d e c i b e l s  should be 
counted,  t h e  p u l s e  c o n v e r t e r  d i v i d e s  each  p u l s e  e n t e r i n g  it d u r i n g  
t h e s e  p e r i o d s  i n t o  t e n  s h o r t e r  p u l s e s .  During t h o s e  p e r i o d s  when 
t h e  count of u n i t s  of d e c i b e l s  i s  c a r r i e d  o u t ,  t h e  incoming 
p u l s e s  pass  through t h e  c o n v e r t e r  wi thout  change. 



Fig .  2 .  Decoder b lock  diagram: 

TR Tape r e c o r d e r  
c r  Cathode r e p e a t e r  
;b.. .al0 F i , l t e r s  

Cont ro l  dev ice  
PC Pulse  coun te r  
p t  Pulse  c o n v e r t e r  
d  De tec to r  

I n  view o f  t h e  f a c t  t h a t ,  
i n  o r d e r  t o  o b t a i n  more r e l i a b l e  
d a t a ,  an  au tomat ic  t en - fo ld  repe-  
t i t i o n  of t h e  measurcrtient c y c l e  
i s  provided f o r  d u r i n g  t h e  
r e c o r d i ~ g  p e r i o d ,  t h e  mean n o i s e  
l e v e l  i s  ob:ained by d i v i d i n g  
t h e  pu l se  coun te r  r e a u i n g s  by 
t e n .  

I n  a d d i t i o n  t o  t h e  b a s i c  
purpose of t h e  p u l s e  c o n v e r t e r ,  
a f t e r  r ep roduc t ion  of t h e  n o i s e  
r e c x d  i s  completed a t  each 
measurement p o i n t ,  it swi tches  
o f f  t h e  t a p e  r e c o r d e r .  

The r e c o r d e r  programmer 
and a t t e n u a t o r s ,  a s  w e l l  a s  
t h e  c o n t r o l  dev ices  and pu l se  
c o n v e r t e r s ,  a r e  based on a  
r e l a y  system, u s i n g  e l e c t r o -  
magnetic r e l a y s  o r  dev ices  
r e p l a c i n g  them a s  elements .  

I n  t h e  a b s e l ~ s e  of  a 
s u f f  i c i e n t  number o f  p u l s e  
c o u n t e r s ,  decoding of  t h e  
r eco rd  can bt 5 a r r i e d  ou t  
s e q u e n t i a l l y ,  by connect ing  
one coun te r  wi th  one ? o n t r o l  
dev ice  t o  a i l  n i n e  f i l b e r s .  



APPARATUS FOR MONITORING THE CONDITION OF 
MINING MACHINERY TRANSMISSIONS 

I.A. Levites and I.G. Fiks 
(Gonetsk) 

A series of cvrrespondences between the signal parameters 
and transmission conditions have been revealed in study of the 
vihro-acoustic signals of operating mining machinery transmissions. 

In pprticular, the spectrum width and the amplitudes of its - /27 
components characterize the degree of wear of the transmissions 
and abrasion in kinematic pairs, the presence of periodic com- 
ponents in the signal are evidence of the presence of transmission I 
damage, and the frequency sequence of these components depend on ? 
which pair is damaged. 

Proceeding f ~ o m  this, a portable apparatus was developed for 
monitoring the technical condition of mining machinery transmissions 
(Fig. I).- The apparatus consists of channels for measurement of 
vibration levels and for detecting damage. 

i 
Fig. 1. Block diagram of apparatus for 

! monitoring condition of mining machinery 
1 trar~smissions . 

A vibrc-acoustic 
signal, taken from piezo- 
electric sensors 1 and 2, 
is first amplified bypre- ? 

amplifier 3, with high 
input resistance (about 
50 Mohm). The amplified j 

signal enters measuring 
amplifier 10, either 
directly or through 
octave band filters (4-9) ,  
encompassing the fre- 
quency range from 175 i 
to 11,200 Hz. \ 

i 

i Needle 12 or, in case of nesessity, an automatic recording 
instrument, is connected to the measuring amplifier through peak 

f 

1 or quadratic detector 11. 
1 
t 

1 
i 
i 

The apparatus permits measurement of the overall level of 
1 

vibroacceleration of the transmission being tested and the level 
of the vibroacceleration in octave banas. 

For evaluation of the condition of the transmission, the 
results of the measurements are compared with standard data. 

The detection channel operates in the following manner. The 
vibro-acoustlc signal of a mechanism in good working order is a 



complex v i b r a t i o n  w i t h  random ampl i t udes ,  phases  and f r e q u e n c i e s .  
I n  t h e  p re sence  o f  d e f e c t s ,  f o r  example, caused  by c o n s i u 2 r a b l e  
wear o f  k inema t i c  p a i r s  o r  damage t o  c o n t a c t  s u r f a c e s  o f  t h e  t e e t h  
of i n d i v i d u a l  g e a r  p a l r s ,  a p e r i o d i c  component a p p e a r s  i n  t h e  
s i g n a l ,  t h e  r e p e t i t i o n  r a t e  o f  which i s  de t e rmined  by t h e  
f requency  of  impact o f  e l emen t s  of t h e  damaged p a i r .  

During o p e r a t i o n  o f  t h e  a p p a r a t u s  i n  t he  damage d e t e c t i o n  /28 
mode, a f t e r  p r e l i m i n a r y  a m p l i f i c a t i o n  and f i l t r a t i o n  by d e t e c t o r  
13 ,  w i t h  t h r e s h o l d  s e l e c t o r ,  t h e  s i g n a l  enve lope ,  which is a  
sequence of  p u l s e s  o f  d i f f e r e n t  d u r a t i o n s  and r e p e t i t i o n  r a t e s ,  
i s  e x t r a c t e d .  These p u l s e s  a r e  a m p l i f i e d  by p u l s e  a m p l i f i e r  1 4 ,  
shaped by shape r  1 5  and e n t e r  one i n l e t  o f  c o i n c i d e n c e  sys tem 1 6 ,  
and t h e  same sequence o f  p u l s e s  e n t e r s  t h e  second i n l e t  th rough  
d e l a y  c o n t r o l  u n i t  1 7 .  

The d e l a y  time i s  e s t a b l i s h e d  f o r  each  k inema t i c  p a i r  by a n  
e q u a l  impact p e r i o d  o f  e l emen t s  o f  t h e  same k ind .  During t h e  
s e a r c h  f o r  damage, t h e  d e l a y  t ime  changes  a s  many t i m e s  a s  t h e r e  
a r e  k inema t i c  p a i r s  i n  t h e  mechanicm. By a d j u s t i n g  t h e  d e l a y  u n i t  
t o  t h e  f requency  of lmpact a f  dar-ged e l e n e n t s ,  a  s i g n a l  a p p e a r s  
a t  i t s  o u t l e t ,  i n  t h e  form of  a  s e r i e s  of e q u a l l y  spaced p u l s e s ,  
w i t h  t h e  tuned f r equency .  A f t e r  d i v i s i o n  by f requency  
d l v i d e r  1 8  and a m p l i f i c a t i o n  by o u t p u t  power a m p l i f i e r s  19  and 20,  
t h e s e  p u l s e s  e n t e r  p u l u e  c o u n t e r  2 1  and s i g n a l  lamp 22. 

A p e r i o d i c a l l y  b l i n k i n g  lamp s i g n a l s  t h e  p r e s e n c e  o f  damage. 
The number of  p u l s e s ,  de te rmined  by  t h e  c o u n t e r ,  depends on a 
c o n t r o l  p a i r  and i s  known p r e v i o u s l y .  The a b s e r c e  o f  p u l s e s  o r  
a  s m a l l  nunber  of them i s  ev idence  t h a t  t h e  p a l r  moni tored i s  i n  
go13d working o r d e r .  

An e x p e r i m e n t a l  t e s t  specimen o f  t h e  a p p a r a t u s  was checked 
under  l a b o r a t o r y  c o n d i t i o n s .  



MEASUREMENT OF VIBRATION RATd OF 
MANUALLY OPERATED PERCUSSIOK MACHINES 

Ye.V, Aleksandrov and Yu.V, Flavitskiy 
(Moscow) 

A quant1,ative evaluation of vibroshock pulses was carried 
out, the extent of their effect on the efficiency of apparatus 
used at the present time was determined and appropriate technical 
requirements were developed: 

1. - A  method was developed for calibrating apparatus with 
test acceleration pulses, consisting of the following: the shape 
&nd magnitude of stress pulses is determined, by calculation or 
experimentally, on an intermediate section of a loaded rod (L = 
= 1400 mm, D = 35 mm); the rod is loaded by dropping blocks with /29 - 
different contact rigidities (L = 100 mm, D = 35 mc, r = 
= 17.5 rnm - 400 mrn) from various heights; the strain gauges agd 
cathode oscillographs used in this case, as well as the methods 
of calculation developed in the laboratary, guarantee sufficient 
measurement azcuracy. 

The test acceleration gulses are determined according to the 
resulting function a(t) and they are compared with the readings 
of the apparatus being tested (an accelercmeter sensor is installed 
on the free end of the rod), 

2. A special apparatus for measure:~ient of accelerations of 
between : and 5000 g an? shock stress p32lses from 20 kg/cm2 up, 
with durations of 50.10 sec and higher was designed and built. 
By means of it, the amplitudes and shapes of the peak vlbroshock 
pulses, arising during operation of a hammer, were obtained; the 
recording time of the continuous process (with electrical scanning 
disconnected) is determined by the time of one revolution of the 
drum of a specially made mechanical photo attachmznt, allowing 
a film 2000 mm loag to be pulled through at a speed of from 2 to 
100 m/sec. 

3. The nature and magnitude of acceleration pulses and the 
speed of the hammer shaft during its operation were determined 
experimentally. The curves obtained, as analysis of the experl- 
mental data demonstrates, are far from correspondence wit\ the 
acceleration curves, which should deviate, because of filtration 
in the shock acceleration integrator during operation of the 
percussion macbine; thio, in turn, shows up in a significant 
manner in the composition of the vibration spectrum, especially 
in the higher portion of it. 



Conc l u s i o n s  

1. E x i s t i n g  v ibrorne t r ic  a p p a r a t u s ,  i n  p r i n c i p l e ,  e l i m i n a t e s  
t h e  p o s s i b i l i t y  o f  u s i n g  i t  f o r  measurements of  v i b r a t i o n  r a t e d  
o f  p e r c u s s i o n  machines,  f o r  t h e  f o l l o w i n g  r e a s o n s :  

a .  Overloads,  s e t t i n g  i n  as a consequence o f  super-  
i rcpos i t ion  on t h e  o v e r a l l  v i b r a t i o n  o f  v ibroshock  a c c e l e r a -  
t i o n s  on t h e  o r d e r  o f  50-100 g  ( c a l i b r a t i o n  o f  t h e  a p p a r a t u s  
i s  c a r r i e d  o u t  under  c o n d i t i o n s  of  measurement o f  t h e  a c c e l e r a -  
t i o n  o f  t h e  t o t a l  v i b r a t i o n s ,  no t  exceeding  3-5 g); 

b.  P a r t i a l  f i l t r a t i o n  o f  t h e  shock a c c e l e r a t i o n s  i n  t h e  
i n t e g r a t o r .  

2 .  Ana lys i s  c a r r i e d  ou t  of t h e  a c t u a l  l o a d s  a r i s i n g  d u r i n g  
o p e r a t i o n  o f  p e r c u s s i o n  machines can s e r v e  a s  a b a s i s  f o r  d e v ~ l o p -  
ment o f  t e c h n i c a l  problems i n  p l ann ing  a p p r o p r i a t e  v lb ro -ne t r i c  
a p p a r a t u s ,  a s  w e l l  a s  f o r  development o f  means o f  modeling shock 
v i b r a t i o n s  under  t e s t - s t a n d  c o n d i t i o n s .  



SYNTHESIS OF PARAMETERS OF A MACHINE SET, - /30 
ACCORDING TO AMPLITUDES OF VIBRATIOIJ, IN THE CASE OF 

COAXIAL MISALIGNMENT OF SHAFTS 
4 

M.s. Rondomanskas, K.M. Ragul'skis, Rem.A. Ionushas, 
and R.Yu. Bansevichyus 

( Kaunas ) 

In practics, the problem frequently arises in assembly of 
machine ssts of the basis for selection of requ:rements for c *xial 
alignment of connected machines, depending on permissible le- 21s of 
vibration of the set. Together with this, it is important to 
correctly select certain set parameters, with fixed, permissible 
coaxial nonalignment parameters of the connected machines. 

A system and dynamic model of a set, widely used in practice, 
is shown in Fig. la and b, consisting of two machines, connected 
by a flexible coupling, one of which is installed on shock absorbers. 
Let us consider that the machine on shock absorbers has f m r  degrees 
of freedom. In the general case, coaxial nonalignment of the machine 
shafts is determined by three coaxial nonalignment parameters (Fig. 
lc): radizl dispacement e, angular displacement y and angle B, 
determined by the phase shift between e and y. 

The amplitudes of the vibrations of the machine on shock 
absorbers havethe following form: 

. -  - ----- 
.q,, = )A, -  e : -  K+-- a:: =?A'. . KrI2  P cos 9, 

where ?=J. Z; i- !. 2: 

I.. ds,; ' ; '  ~ k ~ - X ~ s , )  
K;. = -- 

.14 9 

l q = ~ ; : w 7 ~ ~ - k , o ~ - k q )  ~ k m p $ + k m ~ s ~ + k q ) j . ~ ; 2 1 . ~ * -  
7 - ['kw: s1 s2 - k,, s;) i.< ]-; 

kmp and kmo are the radial and axial rigiaity of the coupling, 
respectively; kq is the rigidity cf the shock absorbers in the 

I directions of the corresponding degrees of freedom; hlq, Aiqr 
heq, A3q, hqq are dynamic response factors; 



I- ~ 

C 4 The amplitudes of the vibra- /31 
tions of the machine on shock 

0 /-- 
absorbers are functions depending 
on the axial nonalignment para- 

/' meters. Therefore, there is 
interest in determining the con- - ?&& ditions under which the amplitude 

is at a minimum: 

h K,, e f K,, y cos 8 = 0. 

Kvile cos~?&,y=O. 
(2) 

b 

C 

Fig. 1. Movement leveling syn- 
thesis. a. Set diagram; 
b. dynamic model of set; c. co- 
axial nonalignment parameters 
in the gtne~alcase of shaft 
arrangement. 

It is easy to ascertain that, /32 
even at e # 0 and y # 0, the 
amplitude nqi = 0, if the follow- 
ing condition is satisfied: 

Condition (3) is of practical 
interest, since, for specified e 
and y (which cannot be avoided 
during alignment or which is 
economically inadvisable), system 
parameters can be selected, at 
which nqi tends toward zero. 

In a similar maaner, we determine the optimum coupling 
rigidity, at which the amplitude nqi will be at a minimum. In 
this case, we consider that kmo S kmp. Then, 

What has been presented above permits a dynamic synthesis of 
certain parameters of the set overall and of the coupling parameters 
in particular. This makes it possible to build couplings with very 
small disturbing forces, in the event the shafts are out of alignment. 



SOME QUESTIONS OF AN OI'.L~!UM PROBABILITY SYNTHESIS 
OF DYNAMIC METALWORKING MACHINE SYSTEMS 

S.A. Dobrynin ~ n d  G.I. Firsov 
(Moscow) 

It is advisable to present the problem of an optimum proba- 
bility design of a dynamic machine tool system in the form of a 
de~ermination of the optimum values of the system parameters, 
on the basts of probability information on external factors and 
independent disturbances of the parameters. 

It is very difficult to create a complete mathematical model 
of a dynamic machine tool system, considering the probability 
nature of the disturbing influences, at the existing level of 
development of computer technology. 

It is proposed to carry out the solution of the problem of 
optimization by two stages: 

a. Creation of mathematical models, under conditions of 
determinacy of the input influences; and b. processing the 
results of the calculations obtained on such modelc, using 
optimum conditiori criteria, and taking into account the proba- /33 
bility nature of the parameter values and disturbing input 
influences, with given distribution patterns. 

As basic simplificatiuns, the normal law of distribution 
of external influences and independent disturbance of the para- 
meters can be assumed. 

It is proposed to obtain the patterns of distribution of 
the dynamic quality characteristics of the machine tool, vibration 
frequencies and amplitudes, attenuation coefficient, duration of 
a transition process, etc., by digital computer, using the 
statistical test method or by means of logical possibility trees. 



IDENTIFICATION OF A MECHANICAL VIBRATION SYSTEM 

S.S. Korablev, Yu,Ye, Filatov, and V.I. Shapin 
( Ivanovo ) 

The actual values of the parameters of a precision instrument 
assembly vibration system are determined according to experimental 
amplitude-frequency characteristics. 

The assembly is considered as a complex mechanical vibrating 
system, consisting of elements with concentrated and distributed 
parameters (see figure). 

A calculation procedure has been compile,d. A system of 
equations of vibrational motion for elements with concentrated 
parameters, converted to quasinormal coordinates [l]: 

where 

Xi = ui are the natural frequencies of a uniform system, elk are - /35 , 

the rigidity coefficients, alk are the coefficients of inertia, 
 hi) are the algebraic supplements of elements of the specified 
row of the determinant. 

The system Indicated is a set of ~lementary oscillators, 
the interactions of which are described by small terms on the 
right sides. The system with parameters distributed by the Galerkin i 
method is reduced to a series of linear mechanical oscillators, t 
which are excited kinematically . 



-tr;" 
Fig. 1. 

An analysis of the effect 
of compliance coefficients on 
the change in the frequency 
spectrum of the system was 
carried out on an analog com- 
puter. The values of the 
compliances of the flexible 
elements were calculated from 
the experimental amplitude- 
frequency characteristics, 
using the criterion of finding 
the discrepancy function minimum. 
[21.  

The damping coefficients 
were determined on a digital 
computer, by the method of 
successive approximations of 
the calculated amplitude-fre- 
quency characteristics to the 
experimental and control 
points of resonance and non- 
resonance bands. 

Determination of the numerical values of the coefficients 
permits analysis of the instrument quality to be carried out. 
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CONSTRUCTION OF A Gz,llHEMATICAL MODEL OF THE HUMAN BODY, 
TAKING THE NONLINEAR RIGIDITY OF THE SPINE INTO ACCOUNT 

K.K. Glukharev, N.1, Morozova, B.A. Potemkin, V.S. Solovlyev, 
and K.V. Frolov 

(Moscow) 

In study of vibrational processes in "man-machine" systecis, 
it frequently is necessary GO consider the dynamic nature of the 
body of the human operator. A mathematical model of the humac 
body has been constructed, unGer the action of harmonic vibrations 
on it, in the 2.5-7 Hz frequency range. 

In this frequency range, it is permissible to consider the 
model of the human body as a vibrating system, with concentrated 
parameters [I]. Vertical movements of the seat and vertical com- 
ponents of vibrations of the human body are investigated. 
A mathematical model is considered found, if the functional con- 
nection between the input (vibrations of the seat) and output 
(vibrations of the human head) signals is determined. 

The method of the investigation consisted of experimental 
production of amplitude-frequency characteristics of the human 
body and subsequent determination of the numerical values of the 
coefficients of the differential equations, solutions of which 
correspond to results obtained during the experiment. 

The averaged amplitude-frequency relations,obtained by carry- 
ing out experiments with ten subjects, are shown by solid lines 
in Fig. 1. Each of the relations presented corresponds to a con- 
stant level of seat vibration amplitudes. The lower level (0.3 mm) 
was determined by the possibilities of the experimental setup and 
the upper leve' (3 rnm) was restricted by sanitary standards. 

A downward shift in the resonance frequency with increase in 
vibration stimulation level is evidence of the nonlinear properties /37 
of the system being studied. The rigidity characteristics, deter- 
mined by the properties of the numan spinal column [2], correspond 
to a "soft" type of nonlinear characteristic. 

A mathematical model was proposed on the basis of analysis 
of the experimental data, which describes the vibrations of the 
human body by a Duffing type equation, with "soft" nonlinearity: 

here 

3 8 

m : i + % ( . i - ~ ~ ) + c ( s - I o - - : ( x - u ~ = ~ .  

u (0 = oo sin or. 

u ( r ) = a o  w cos .it. 



- Experiment 
-_-I_ Analog computer calculation 

Fig. 1 

The equation obtained was 
analyzed 011 a MN-7 analog 
computer . 

To facilitate creation /38 
of a structural modeling 
scheme, Eq. (1) should be 
presented in Cauchey form: 

As a result of the modeling, it 
proved possible to determine 
the numerical values of the 
parameters of the system, ensur- 
ing satisfactory concordance 
between experimental and cal- 
culation data, which confirms 
the correctness of the selected 
mathematical model. 

Amplitude-frequency char- 
acteristics, with one and the 
same nonlinearity paramter y, 
were plotted from the results 
cf processing of the modeling 
data, for lcvels of harmonic 
action of 3 mm, 1 mm, 0.5 mm 
and 0.3 mm. 

The following values of the coefficients sought were found 
by analysis of Ep. (1) on an analog computer: 

1 The amplitude-frequency characteristics of the vibration of 
i 

the human body, at various levels of harmonic action, obtained 
as a result of modeling of Eq. (I), are shown by dashed lines in 1 

1 
Fig. 1. 

I 
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INVESTIGATION OF THE REACTIONS OF SKIN PANELS 
I N  RELATION TO DURATION OF ACOUSTTCAL L O A D I N G  

V.Ye. Kvitka and G.I. Kernes 
(Moscow) 

The s k i n  of modern passenger  a i r c r a f t  i s  most i n t e n s i v e l y  
loaded by a c o k - t i c a l  p r e s s u r e ,  c r e a t e d  by t h e  exhaust  j e t s  of 
j e t  engines .  

C e r t a i n  c h a r a c t e r i s t i c s  of  t h e  r e a c t i o n s  of t y p i c a l  s k i n  
pane l s  o f  a passenger  a i r c r a f t  t o  a c o u s t i c a l  l oad ing  a r e  be ing  
i n v e s t i g a t e d ,  f o r  development of  an o b j e c t i v e  method of  d i a g n o s t i c s  
of t h e  t e c h n i c a l  c o n d i t i o n  of t h e  s k i n ,  under t h e  c o n d i t i o n s  of 
ope a t i o n s  and maintenance s e c t i o n s  of c i v i l  a v i a t i o n .  There she% number of d i f f i c u l t i e s  connected w i t h  t h e  s o l u t i o n  of t h i s  
pkoblem. They depend on t h e  complexity of c o n s t r u c t i o n ,  t h e  
l o a d i n g  c h a r a c t e r i s t i c s  of t h e  p a n e l s  and t h e i r  r e a c t i o n s .  The 
r e a c t i o n s  of s k i n  p a n e l s  exposed t o  t h e  n o i s e s  of t h e  exhaus t  j e t s  
depend on t h e  a i r c r a f t  o p e r a t i n g  c o n d i t i o n s ,  t h e  geometr ic  para-  
meters  and l i m i t i n g  c o n d i t i o n s  of t h e  pane l s .  Among t h e  geometr ic  
parameters  a r e  t h e  l i n e a r  dimensions of t h e  c e l l s ,  t h e  r a d i u s  o f  
c u r v a t u r e  and t h i c k n e s s  of  t h e  s k i n  s h e e t s  and l i m i t i n g  c o n d i t i o n s  
o r  n a t u r e  of  t h e  s k i n  s h e e t  a t tachment  f o  t h e  r i g i d  e lements ,  de- 
termined by t h e  p l i a b i l i t y  of t h e  p a n e l s .  For de te rmina t ion  of 
t h e s e  parameters ,  measurements were c a r r l e d  ou t  on j e t  engine  
passenger  a i r c r a f t ,  having accrued o p e r a t i n g  t imes  from 0 t o  6000- 
73,000 hours .  The p l i a b i l i t y  ( e l a s t i c i t y )  and c u r v a t u r e  of  t h e  
p a n e l s  were measured w i t h  a s p e c i a l  ins t rument  f o r  measuring t h e  
s t r e s s  and d e f l e c t i o n  of  t h e  a i r c r a f t  s k i n s .  In  t h i s  c a s e ,  t h e  
p l i a b i l i t y  i s  c h a r a c t e r i z e d  by t h e  va lue  of t h e  f o r c e  P, which i s  
necessary  t o  c r e a t e  a  f i x e d  d e f l e c t i o n  of t h e  pane l s .  A s  a  r e s u l t ,  
t h e  s t a t i s t i c a l  va lues  of t h e  geometr ic  dimensions and pane l  
p l i a b i l i t y  were determined.  It tu rned  out  t h a t ,  f o r  p a n e l s  of a 
given type  o f  passenger  a i r c r a f t ,  t h e  r a t i o s  of t h e  s i d e s  = 2 / 2  
where 2 and 2 a r e  t h e  long  and s h o r t  s i d e s  of t h e  p a n e l s ,  have 
the g r e a t e s t  p o t e n t i a l  a t  =2 and =4 .  The mean s t a t i s t i c a l  va lue  
of t h e  r a d i u s  of c u r v a t u r e  of t h e  p a n e l s ,  i n  d i f f e r e n t  s e c t i o n s ,  
i s  P = 175 cm, a t  a r o o t  mean d e f l e c t i o n  of 58 cm. The l i r i t i n g  
c o n d i t i o n s ,  f o r  which pane l  p l i a b i l i t y  i s  a  c r i t e r i o n ,  change 
s i g n i f i c a n t l y  d u r i n g  prolonged o p e r a t i o n  of t h e  a i r c r a f t .  The 
n a t u r e  of t h e  change i n  p l i a b i l i t y  i s  shown i n  F i g .  l a .  The 
o p e r a t i n g  t ime i s  p l o t t e d  on t h e  a b s c i s s a  and t h e  r a t i o  of t h e  
f o r c e  P f o r  a i r c r a f t  pane l s  wi th  d i f f e r e n t  hours  of o p e r a t i o n  t o  /40 
t h e  mean s t a t i s t i c a l  va lue  P ,,, f o r  a i r c r a f t  pane l s  which have 
flown 7300 hours ,  i s  on t h e  o r d i n a t e .  During t h e  3000- 
hour p r e v e n t i v e  t e c h n i c a l  maintenance, a s  a  r e s u l t  o f  replacement  
of d e f e c t i v e  r i v e t s  o r  s k i n  s h e e t s ,  t h e  p l i a b i ? i t y  i s  r e s t o r e d  
p r a c t i c a l l y  t o  t h e  i n i t i a l  v a l u e s .  



P F l i g h t  t e s t s  have' shown t h a t  t h :  I - r o o t  mean va lue  of t h e  ampl i tude  A -+ 
of  v ibra t ion?- :  d i sp lacement  atid 

& v i b r a t i o n a l  s c r e s s  of  t h e  s k i n  
p a n e l s  i s  g r e a t e r  i n  a i r c r a f t ,  J 

a f t e r  t h e  prolonged a c t i o n  of  
a c o u s t i c a l  p r e s s u r e  d u r i n g  t h e i r  
o p e r a t i o n ,  t h a n  i n  new a i r c r a f t .  
On t h e  S a s i s  of  t h e  s t a t i s t i c a l  
d a t a  o b t a i n e d ,  t h e  geomet r ic  

o 'T parameters  and l i m i t i n g  condi- 
t i o n s  of  t h e  s k i n  p a n e l s  were 
de te rmined ,  and l a b o r a t o r y  s t u d i e s  
of  t h e i r  r e a c t i o n s  were c a r r i e d  
ou t  on a  s p e c i a l  a c o u s t i c a l  t e s t  
s t a n d .  F l a t  and c y l i n d r i c a l  
p a n e l s  were loaded  w i t h  a  pure  

I ' t o n e  sound p r e s s u r e ,  a t  a  c o n s t a n t  P r 
F i g .  1, l e v e l  and smooth change i n  f r e -  

quency from a few t o  800 H Z .  

Key: 1. Rig id  f a s t e n i n g  
2 .  Hinged suppor t  

A t  eve ry  resonance  e x c i t a t i o n  o f  i. 

t h e  p a n e l s ,  deformat ion  s i g n a l s  
coming from t h e  wi re  s t r a i n  gauges,  
g l u e d - t o  t h e  s u r f a c e s  i n  t h e  

t r a n s v e r s e  and l o n g i t u d i n a l  d i r e c t i o n s ,  were r eco rded .  A s  a  r e s u l t ,  
t h e  change i n  ampl i tude  of t h e  v i b r a t i o n a l  stress was de te rmined ,  
d u r i n g  d i f f e r e n t  forms o f  n a t u r a l  v i b r a t i o n s  of t h e  p a n e l s ,  f o r  
g iven  dimensions and l i m i t i n g  c o n d i t i o n s .  The n a t u r e  of  t h e  change 
i n  s t r e s s  f o r  t h e  f l a t  p a n e l s  v s .  l i m i t i n g  c o n d i t i o n s  ( p l i a b i l i t y )  
i s  shown i n  F ig .  l b .  The change i n  s t r e s s  ampl i tude ,  w i t h  d i f -  /41 - 
f e r e n t  forms o f  v i b r a t i o n  of  t h e  c y l i n d r i c a l  p a n e l s ,  r i g i d l y  
f a s t e n e d  around t h e  p e r i p h e r y ,  v s .  i t s  r a d i u s  of  c u r v a t u r e  P i s  
shown i n  F i g .  2 (where t h e  s o l i d  l i n e s  a r e  t h e  concave and t h e  
dashed l i n e s  are t h e  convex s u r f a c e s  o f  t h e  p a n e l s :  1 and 2 a r e  
t h e  change i n  s t r e s s  i n  t h e  l o n g i t u d i n a l  and t r a n s v e r s e  d i r e c t i o n s  
o f  t h e  p a n e l s  ) . 

Labora tory  s t u d i e s  showed t h a t ,  i n  p r o p o r t i o n  t o  t h e  weakness 
o f  t h e  f a s t e n i n g s  around t h e  p e r i p h e r i e s  of  t h e  f l a t  p a n e l s  and 
i n c r e a s e  i n  r a d i u s  of  c u r v a t u r e  of  t h e  c y l i n d r i c a l  s k i n  p a n e l s ,  
t h e i r  2 l i a b i l i t y  i s  i n c r e a s e d  ( e l a s t i c i t y  i s  d e c r e a s e d ) ,  and t h e  
s t r e s s  on t h e i r  s u r f a c e s  under  sound p r e s s u r e  l o a a i i ~ g  i n c r e a s e s  
s i g n i f i c a n t l y .  I n  t h i s  c a s e ,  t h e  s t r e s s e s  on t h e  convex s ~ r f a c e s  
a r e  g r e a t e r  t h a n  on t h e  concave ones ,  b u t  t h i s  d i f f e r e n c e  d i s -  
a m e a r s  i n  ~ r o ~ o r t i o n  t o  t h e  i n c r e a s e  i n  r a d i u s  of c u r v a t u r e .  . - 
 he l i m i t i n g  c o n d i t i o n s  n o t i c e a b l y  a f f e c t  t h e  t e n s i o n  o f  t h e  p a n e l s  
i n  t h e  f i r s t  f o u r  forms of  t h e i r  v i b r a t i o n s ,  and t h e  maximum stress 
ampl i tude  v a l u e s  a r e  reached  i n  e l o n g a t e d  f l a t  and c y l i n d r i c a l  
p a n e l s  a t  c e r t a i n  h i g h e r  v i b r a t i o n  forms. 



Fig .  2 .  

I n  t h i s  manner, t h e  pane l  p l i a b i l i t y  o r  a  parameter  depending 
on i t ,  f o r  example, t h e  a t t e n u a t i o n  decrement c r  t h e  r e l a t i v e  de- 
format ion  of t h e  s u r f a c e s  of t h e  panel  s h e e t s  wi th  s p e c i f i c  forms 
of v i b r a t i o n ,  can be used a s  d i a g n o s t i c  parameters  of  t h e  t e c h n i c a l  
c o n d i t i o n  of  t h e  s k i n s  of passenger  a i r c r a f t .  



IiWESTIGATION OF VIBROSHOCK STABILITY OF A - /42 
MECHANICAL CONTACT BY MEASUREMENT OF ITS RESISTANCE 

S.G. Butsevichgus and V.-S.S. Za re t skas  
(Kaunas ) 

The r e s u l t s  of  expe r imen ta l  i n v e s t i g a t i o n  of t h e  v i b r a t i o n  
and impact s t r e n g t h  of a  c o n t a c t  J u n c t i o n ,  by t h e  method o f  measure- 
ment o f  t h e  c o n t a c t  res. ' .s tance,  a s  a  f u n c t i o n  of t h e  c o n t a c t  p r e s s u r e ,  
c o n d i t i o n  and c l e a n l i n e s s  of s u r f a c e s  i n  c o n t a c t ,  a s  w e l l  a s  o f  t h e  
t y p e  and i n t e n s i t y  of  mechanical  a c t i o n ,  a r e  p r e s e n t e d .  

The expe r imen ta l  u n i t  ( F i g .  
1 )  p e r m i t s  s tudy  of c o n t a c t  
j u n c t i o n s  of  any c o n s t r u c t i o n ,  
which can  be i n s t a l l e d  on t h e  * board o t  a v i b r a t i o n  o r  shock - s~n-fj2 - Cf - 44 t e s t  s t a n d .  I n  t h i s  c a s e ,  t h e  

(a-;~) i n v e s t i g a t t o n ;  were c a r r i e d  ou t  
on console- type loop  c o n t a c t s  
used i n  t e i 3 v i s i o n  channel  p re -  
s e l e c t o r s  (TCP). The TCP hokcing 
was f a s t e n e d  t o  t h e  board o f  t h e  
t e s t  s t a n d ,  whereupon t h e  c o n t a c t  

8-f8 ( o r  group of c o n t a c t s )  b e i n g  
b s t u d i e d  i s  d i sconnec ted  from t n e  

TCP system and connected i n  
~ a r a l i e l  t o  r e s i s t o r  R9 of  t h e  

F i g .  1. Experimental  u n i t  b lock  E o n s w n t  v o l t a g e  E d i v i d e r  R1/R2 
diagram. The r e s i s t o r  r a t i n g s  were 

s e l e c t e d  acco rd ing  t o  t h e  formulas  

- - -  % 303 ohm 
R1 Imax 

- - EUmax % -  Urn'' % 1 ohm 
R2 Imax (E-umax Imax 

where Umax d 20 mV i s  t h e  v o l t a g e  on t h e  d i sconnec ted  c o n t a c t  and /Ilj 
Imax S 20 mA i s  t h e  c u r r e n t  p a s s i n g  through t h e  c l o s e d  c o n t a c t  a t  
Rc = 0.  

T h i s  a l lowed [l] t h e  dynamic range  o f  change i n  v o l t a g e  o f  
t h e  s i g n a l  p r e s e n t i n g  i n f o r m a t i o n  t o  be narrowed down approximate ly  
100 f o l d ,  and t h e  r e s i s t a n c e  of c o n t a c t  R, t o  Le measured ?.n t h e  
"dry c i r c u i t n  mode. A t  t h e  v a l u e s  o f  R 1  and R2 i n d i c a t e d  above, 
t h e  u n i t  p e r m i t s  t h e  r z s i s t a n c e  Rc t o  be measured i n  t h e  0.02- 50 
ohm r a n g e ,  d u r i n g  which t h e  e r r o r  S15% i n  t h e  0.1-10 ohm range .  



With o k s e r v a t i o n  o f  t h e  s i g n a l  on t h e  C 1 - 1  /&  o s ~ ~ i l l o s c o g e ,  t h e  
t ime r e s o i v i n g  power o f  t h e  u n i t  r 5 2010-2 s e c .  The s t a t i c  v a l u e  4 

of  t h e  z o n t a c t  r e s i s t a n c e  Rcs was determined w i t h  a  ~ 6 - 1 2  i n s t r u -  
ment, and it was approximate ly  10-15 mohm between t h e  c o n t a c t  l e a d s .  

V i b r a t i o n  s t r e n g t h  was i n v e s t i g a t e d  I n  t h e  30-3000 Hz r ange ,  
wi th  a  s i n u s o i d a l  a c c e l e r a t i o n  up t o  10  g ,  d u r i n g  which t h e  VU- 
5/5000 v i b r a t i o n  t e s t  s t a n d  was powered from g e n e r a t o r  ~ 3 - 1 8 ,  
f o r  r e d u c t i o n  o f  d i s t o r t i o n .  The shape  o f  t h e  shockhalf-wave 
cu rves ,  of  1.4-3 msec d u r a t i o n  and 1-60 g  ampl i tude  was s e l e c t e d  
s o  that;  t h e  ~ u c c e e d i n g  h a l f  wave o f  o p p o s i t e  p o l a r i t y  had an  
ampl i tude  525%. Damping pads were s p e c i a l l y  s e l e c t e d  f o r  t h i s .  
A c c e l e r a t i o n  o f  t h e  TCP hous ing  was monitoiqed by a  s e t ,  c o n s i s t i n g  
o f  p i e z o e l e c t r i c  s e n s o r  KD-12, a c c e l e r a t i o n  meter SDM-132 and 
o s c i l l o g r a p h  C1-29 ( o r  C1-19). A 3  a r e s u l t  o f  t h e  i n v e s t i g a t i o n ,  
it was found t h z t ,  i n  t h e  f requency  range  s t u d i e d ,  a t  q u i t e  h igh  
a c c e l e r a t i o n s ,  some compara t ive ly  narrow frequency 
bands a r e  observed ,  i n  which t h e  c o n t a c t  j u n c t i o n  l o s e s  v i b r a t i o n  
s t r e n g t h .  For each  c o n t a c t ,  a t  any "dangeroust1 f requency ,  t h e r e  
I s  a  s p e c i f i c  c r i t i c a l  a c c e l e r a t i o n  v a l u e  f o r  l o s s  of  v i b r a t i o n  
s t r e n g t h  by  t h e  c o n t a c t ,  which i s  h i g h l y  r e p r o d u c i b l e  by  m u l t i p l e  
measurements ( i n  t h e  c a s e  of a  smooth i n c r e a s e  i n  a c c e l e r l a t i o n ) .  
Upon exceeding  t h i s  v a l u e ,  t h e  sp read  o f  t h e  s t o c h a s t i c  change 
( i n s t a b i l i t y )  of  Rc i n c r e a s e s  s h a r p l y ,  d u r i n g  which R sometimes 
l t b rea thes , l lw l th  a  p e r i o d  of  15-30 s e c .  The re fo re ,  onEy t h e  maximum 
iRc max ) and minimum ( R c  min ) v a l u e s  o f  Rc are  r eco rded  i n  a t ime  
i n t e r v a l  of  about  30 s e c ,  d u r i n g  measurements. Upon l o s s  of  v i b r a -  

Rc rnin t i o n  s t r e n g t h ,  t h e  r e s i s t a n c e  v a r i a t i o n  Rc 5 10-20, whi le  - 
Rc s Rc min s 1 0 .  

It was found t h a t  t h e r e  i s  an  optimnm c o n t a c t  p r e s s u r e  (0.7- 
1 .7  N) f o r  t h e  c o n t a c t  system s t u d i e d ,  t t  which v i b r a t i o n  s t r e n g t h  
over  t h e  e n t i r e  f requency r ange  i s  g r e a t e r  t h a n  10-100 msec-2. n 
dec rease  i n  p r e s s u r e  t c  0 . 1  N (7-17 i 'old) l e a d s  t o  a  s h a r p  r e d u c t i o n  
(up t o  0.08-2 msec-2) i n  v i b r a t i o n  s t r e n g t h  of  t h e  cont .ac t ,  w h i l e ,  
a t  t h e  resonance  f requency  of t h e  pressed-down c o n t a c t  b l a d e  f = /44 
600-900 Hz, it r e a c h e s  500 t imes  ( i n  comparison w i t h  t h n  vibra!ion 
s t r e n g t h  a t  a  p r e s s u r e  o f  0.7 N ) .  The pressed-down c o n t a c t  j u n c t i o n  
dyn6.mic r e sponse  f a c t o r  has  a  s i g n i f i c a n t  v a l u e  a t  low p r e s s u r e s .  
I n  t h e  c o n t a c t  i n v e s t i g a t e d ,  depending on t h e  p r e s s u r e ,  it changed 
o v s r  a  r ange  of h = 5-20 ( f o r  a f r e e  b l a d e  X U  = 50-70 and f o  = 
= 320-450 Hz). ~ g r i t i c t l o n  i r r  v i b r a t i o n  s t r e n g s h  (up t o  20 f o l d )  
w i t h  i n c r e a s e  i n  c o n t a c t  p laessure  t o  2-2.2 N appea r s  i n  a few 
very  narrow e x c i t a t i o n  f requency  bands.  
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The v i b r a t i o n  s t r e n g t 5  o f  
t h e  c.;!.+ :ct depends on t h e  con- 
d i t i r . 9  . c l e a n l i n e s s )  of t h e  
sur:',t ?s 12 c o n t a c t ,  e s p e c i = r l i y  
w i th  e c c ~ l s i d e r a b l e  con tacc  a r e a .  
Witr a  c o n t a c t  p r e s s u r e  c l  0 . 1  N 
a;. .: i u b r i c a t i o n  o f  t h e  c o n t a c t  
s u r f a c e  i n v e s t i g a t e d  w i t h  e l e c -  
t r i c a l l y  conduc t ing  12-153-5 
l u b r i c a n t ,  t h e  "cement ingn 
e f f e c t  of t h e  c o n t a c t  i n c r e a s e d  
i t s  v i b r a t i o n  s t a b i l i t y  by 
ap?roxjmate ly  300 t i n e s  .st t h e  
r e socance  f requency  inGica t ed  
above.  On t h e  ave rage ,  a  l u b r i -  

I c a n t ,  depending on i t s  t y ~ e :  

. i n c r e a s e s  v i b r a t i o n  s t r e n g t h  
t fO 20 33 msec of  a  c o n t a c t  up t o  2-5 t i m e s .  

Fig. 2 .  Maximum v a l u e  of  c o n t a c t  
s u r f a c e  res!-stances r, zax v s .  I n v e s t i g a t i o n  cf t h e  impact, 

s t r e n g t h  of t h i s  mechanical  
v i b r a t i o n  a c c e l e r a t i o n  a :  1. w i t h  c o n t a c t  shows t h a t  i t  always i s  
u n l u b r i c a t e d  c o n t a c t  s u r f a c e s ;  h i g h e r  t h a n  t h e  v i b r a t i o n  
2 .  wi th  c o n t a c t  ~ u r f a c e s  l u b r i -  s t r e n g t h ,  i f  t h e  r e p e t i t i o n  
c a t e d  w i t h  12-153-9 l u b r i c a n t .  r a t e  o f  t h e  impac t s  i s  no t  a  

m u l t i p l e  o f  t h e  resonance  
f requency  o f  t h e  system i n v e s t i -  

ga t ed  ( F i g .  3 ) ,  when i t  is  s l i g h t l y  damped. I n  t h i s  c a s e ,  t h e  d i r e c t  
p r o p o r t i o r i a l i t y  between irnpzct s t r e n g t h  and c o n t a c t  p r e s s u r e  i s  
main ta ined  w e l l .  It was found t h a t  u se  of a  l u b r i c a n t  has  a  /45 
f a v o r a b l e  e f f e c t ,  p r i n c i p a l l y  a t  p r e s s u r e z  of  0.2-0.5 N ,  w i t h  
i n p a c t  s t r e n g t h  i n c r e a s i n g  up t o  two t i m e s ,  on t h e  ave rage .  Zn 
t h e  c a s e  of  u se  o f  12-153-5 l u b r i c a n t ,  t r a c e s  o f  l ub r i c? .n t  (an  
adhesior,  f i l m )  a r e c o m p l e t e l y  s u f f i c i e n t  t o  i n c r e a s e  t h e  impact 
s t r e n g t h  o f  t h e  c o a t a c t  i n v e s t i g a t e d ;  however, c e r t a i n  t y p e s  of 
con tamina t ion  of t h e  s u r f a c e s  i n  c o n t a c t  ( f o r  example,  w? th  12-131-6 
l u b r i c a n t )  can somewhat impa i r  t h e  impact s t r a n g i h  o f  t h e  c o n t a c t .  

I n  t h i s  mar,nzr, t h e  method o f  d e t e r m i n a t i o n  of  v i b r a t i c n  acd 
impact s t r e n g t h  o t  a  mechanical  c o n t a c t ,  by measurement o f  t h e  con- 
t a c t  r e s i s t a n c e ,  a l l o w s  t h e  c ~ n d i t i o n  ( c l e a n l i n e s s )  o f  s u r f a c e s  i n  
c o n t a c t  t o  be e v a l u a t e d  and moni tored t o  a  c e r t a i n  e x t e n t .  

Conc lus ions  

1. V i b r a t i o n  s t r e n g t h  o f  a mechanical  c o n t a c t ,  i n  a  r e a l ,  
s l i g h t l y  damped system,  w i t h  s e v e r s 1  n a t u r a l  f r e q u e n z i e s ,  i s  no t  
i n  d i r e s t  p r o p o r t i o n  t o  t h e  c o n t a c t  p r e s s u r e ,  
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Fig .  3 .  Impact s t r e n g f h  a of  
a l u b r i c a t e d  con tac t  s u r f a c e  v s ,  
p res su re  P :  1 ,2 .  l u b r i c a t e d  wi th  
12-131-6 and 12-153-9 l u b r i c a n t ,  
r e s p e c t i v e l y ;  3. a b s o l u t e  impact 
s t r e n g t h  a  of u n l u b r i c a t e d  con- 
t a c t  s u r f a c e .  

2 .  For such systems, t h e r e  
i s  an optimum c o n t a c t  p r e s s u r e ,  
w i t h i n  a s e l e c t e d  e x c i t a t i o n  
frequency range ,  i n  wi~icil t h e  
"cementing" e f f e c t  i n  a  c o n t a c t  
w i th  contaminated s u r f a c e s  i n  
c o n t a c t  can be a i s r e g a r d e d  ~ n l y  
a t  q u i t e  h igh  p r e s s u r e s .  

3. The method of d e t e r -  
minat ion of  v i b r a t i o n  and impact 
s t r e n g t h ,  by measurement of  con- 
t a c t  r e s i s t a n c e ,  i s  c h a r a c t e r i z e d  
by s i m p l i c i t y  and h igh  s e n s i t i v i t y ,  
and it r e q u i r e s  a smooth i n c r e a s e  
i n  a c c e l e r a t i o n .  



INVESTIGATION OF VIBRATIONS - 1 4 6  
I N  ELECTRIC POWER TRANSMISSION LINES 

1.1, Vitkus ,  T.P. Matekonis, K.M. R a g u l t s k i s  
(Kaunas ) 

Vibra t ions  of  t h e  wi res  i n  e l e c t r i c  power t r ansmiss ion  l i n e s ,  
caused by t h e  wind, l ead  t o  f a t i g u e  f a i l u r e  of t h e  wi res ,  which 
b r i n g s  on g r e a t  economic l o s s e s .  I n  connect ion  wi th  t h i s ,  exten-  
s i v e  r e s e a r c h  has  begun i n t o  t h e  dynamic c h a r a c t e r i s t i c s  of w i r e s ,  
i n c l u d i n g  t h e  self-damping p r o p e r t i e s  o f  wi res ,  and a  s e r i e s  of  
new types  of  w i r e - i n s u l a t o r  f a s t e n i n g s ,  w i th  and wi thout  
dampers, has  been developed. The r e s e a r c h  was c a r r i e d  out  under 
l a b o r a t o ~ y  c o n d i t i o n s ,  on t e s t  s t a n d s  and i n  a t e s t  f i e l d ,  s p e c i a l l y  
cons t ruc ted  f o r  t h i s  purpose.  

A method f o r  d e t e r -  
minat ion of t h e  self-damping 
p r o p e r t i e s  of aluminum and 
steel-aluminum wires o f  
e l e c t r i c  power t r a n s m i s s i o n  
l i n e s  was put  i n t o  p r a c t i c e  
under l a b o r a t o r y  c o n d i t i o n s .  
The r e s e a r c h  was c a r r i e d  ou t  
by two p a r a l l e l  methods: t h e  
dynamic h y s t e r e s i s  loop  method, 
i n  t h e  s t eady  v i b r a t i o n  mode, 
and t h e  v i b r a t i o n  damping 
met hod. 

A r i g i d  connect ion  
between t h e  s t l t e t ched  wi re  
be ing  s t u d i e d  and t h e  v ib ra -  

Pig. 1 t c r  i s  not  p e r m i s s i b l e ,  s i n c e  
t h e  moving mass of  t h e  l a t t e r  
becomes p a r t  of t h e  system /47 

and, the reby ,  d i s t o r t s  t h e  shape of t h e  s i n u s o i d a l  s t a n d i n g  waves 
and t h e  resonance f r e q u e n c i e s  of t h e  wi re .  For a  s o l u t i o n  of t h i s  
problem, a ~ p e c i a l  d r i v e  from t h e  v i b r a t o r  t o  t h e  wire  was 
developed (Fig .  1). Wire 1 is r i g i d l y  connected t o  f l a t  s p r i n g  2 ,  
t h e  ends of which a r e  r i g i d l y  connected t o  v i b r a t o r  3 .  Four 
s t r a i n  gauge s e n s o r s  4 a r e  cemented t o  t h e  s p r i n g .  During o p e r a t i o n  
of t h e  u n i t ,  t h e  v a r i a b l e  f o r c e  a p p l i e d  t o  t h e  a c t u a t o r  i s  propor- 

f 
t i o n a l  t o  t h s  d i f f e r e n c e  between displacement  of t h e  at tachment  

i 
p o i n t  of  t h e  wire  anf displacement  o f  t h e  v i b r a t o r .  When t h e  

I 
v i b r a t o r  i s  shu t  o f f ,  t h e  energy d i s s i p a t e d  by t h e  s p r i n g  i s  sma l l  
i n  comparison wi th  t h e  energy d i s s i p a t e d  by t h e  wire ,  and t h e r e  

I i s  no mutual exchange of energy.  Two no-contact ,  i n d u c t i v e  s e n s o r s ,  
connected accord ing  t c  a d i f f e r e n t t a l  system, f o r  measurement o f  

i displacement  of t h e  wire ,  are  i n s t a l l e d  next  t o  t h e  p o i n t  of 



attachment of the wire to spring 2. Two more analog sensors were 
used for tr*ansmission of the displacement signal to the El1 kar 
automatic recording Instrument. 

A signal, proportional to the exotting force, Is transmitted 
to one axis of an oscillograph, and a signal, proportional to dis- 
placement of the wire, to th2 other axis. In order to obtain high 
accuracy in the measurement of the energy diffused per cycle, the 
wire is put into one of the resonance modes. 

The vibration damping method permits the value of the logarith- 
mic damping coefficient to be obtained immediately, for a wide range 
of amplitudes. 

Overall, the method described permitted two basic self-damping 
characteristics of the wires to be obtained, i.e., the energy dis- 
sipated per cycle and the logarithmlc damping coefficient vs. vibra- 
tion lrequency and amplitude, at various tensions of the wires 
investigated. 



LOAD PULSE DISSEMINATION I N  NONLINEAR-HEREDITARY MATERIAL 

Yu.N. Rabotnov and Yu .V. Suvorova 
(Moscow ) 

A n o n l i n e a r - h e r e d i t a r y  t y p e  e q u a t i o n  o f  s t a t e  i s  proposed 
f o r  d e ~ c ~ i p t i o n  of t h e  behavior  of  metals under  u n i a x i a l  l o a d i n g ,  
i n  p a r t i c u l a r ,  t h o s e  which d i s c l o s e  de layed  f low (low carbon  s t e e l ) .  
B a s i c a l l y ,  t h e  model assumes t h e  h y p o t h e s i s  of  t h e  e x i s t e n c e  o f  
a dynamic diagram, cor responding  t o  an i n f i n i t e l y  g r e a t  de fo rma t ion  
r a t e .  It was shown t h a t  t h e  magnitude of  t h e  y i e l d  p o i n t  and t h e  
load -e longa t ion  cu rve  i n  t h e  p l a s t i c  r e g i o n  depend e s s e n t i a l l y  
on processeF t a k i n g  p l a c e  a t  a  t i m e  when t h e  m a t e r i a l  i s  s t i l l  - 1 4 8  
e l a s t i c ,  and t h a t  t h e  e f f e c t  o f  t h e  de fo rma t ion  r a t e  i n  t h e  p l a s t i c  
r e g i o n  t u r n s  out. t o  be n o t  s o  s i g n i f i c a n t  as u s u a l l y  i s  though t .  

The problem of  l oad  p u l s e  p ropaga t ion  i n  a s e n i - i n f i n i t e  rod ,  
o f  m a t e r i a l  w i t h  a  n o n l i n e a r - h e r e d i t a r y  e q u a t i o n  o f  s t a t e ,  was 
examined. The Laplace t r a n s f o r m  was used I n  i n t e g r a t i o n  of 
t h e  e q u a t i o n  of  motion.  The s o l u t i o n  was o b t a i n e d  i n  t h e  form o f  
asympto t ic  expans ions  around t h e  wave f r o n t .  

A g e n e r a l  p i c t u r e  of  p ropaga t ion  of  e l a s t i c - p l a s t i c  waves i n  
m a t e r i a l s  w i t h  s e l e c t e d  e q u a t i o n s  of  s t a t e  was p r e s e n t e d .  



A N A L Y T I C  DESCRIPTION OF VIBRATIONS I N  A PIPING SYSTEM 
WITH PULSATING FLOW 

G.P. Bosnyatsk iy ,  R . I .  Grossman, A . A .  Kozobkov, and A . I .  Koppelt  
(Moscow) 

The problem o f  d e s c r i b i n g  v i b r a t i o n s  of  complex p i p i n g  
sys tems  i n c l u d e s  a  d e s c r i p t i o n  o f  v i b r a t i o n s  o f  p i p i n g  under  t h e  
i n f l u e n c e  of  a  p u l s a t i n g  f low o f  l i q u i d  o r  g a s  i n  them, w i t h  con- 
s i d e r a t i o n  o f  t h e  e f f e c t  o f  t h e  method of  f a s t e n i n g  t h e  p i p i n g  
system.  

The e q u a t i o n s  d e s c r i b i n g  t h e  dynamics of  l i q u i d s  and g a s e s  i n  
p i p e l i n e s , a s  w e l l  a s  e q u a t i o n s  d e s c r i b i n g  t h e  v i b r a t i o n s  of  p ipe -  
l i n e s  w i t h  un i form boundary c o n d i t i o n s ,  have been s t u d i e d  s u f f i c i e n t l y  
well. .  Q u e s t i o n s  connec ted  w i t h  t h e  e f f e c t  of f lows  i n  a  p i p e l i n e  
sys tem have been examined l e s s .  The methods o f  a c c o u n t i n g  f o r  t h e  
e f f e c t  o f  p i p e l i n e  s u p p o r t s  on t h e i r  v i b r a t i o n s  and ,  i n  p a r t i c u l a r ,  
o f  a c c o u n t i n g  f o r  f r i c t i o n  i n  t h e  s u p p o r t s ,  a r e  s t i l l  more vsgue .  

During movement o f  a  p u l s a t i n g  f low of  a  ga s  ( l i q u i d )  t h rough  
a p i p e l i n e  w i th  i r r e g u l a r i t i e s ,  t h e  energy of  t h e  f l ow  changes  t o  
mechanical  v i b r a t i o n  energy  i n  t h e  l a t t e r .  An e s t i m a t i o n  o f  t h e  
f o r c e s  g e n e r a t e d  i n  t h i s  c a s e  i s  neces sa ry  f o r  a  d e s c r i p t i o n  of  
t h e  behav io r  o f  a  v i b r a t i n g  p i p e l i n e  system.  

C l a s s i c a l  concep t ions  o f  t h e  e f f e c t  o f  s t e a d y  s t a t e  f low i n  
a p i p e l i n e  e lement  ( f o r  example,  a t  t h e  o u t l e t )  cannot  a u t o m a t i c a l l y  
b? t r a n s f e r r e d  t o  p u l s a t i n g  f l ows .  S ince  t h e  l e n g t h s  of  t h e  waves 
g e n e r a t e d  by a  compressor  may prove t o  be comparable t o  t h e  l e n g t h s  
o f  p i p e l i n e  e l emen t s ,  t h e  magni tudes  of  t h e  f o r c e s  a c t i n g  on t h e s e  
e l emen t s  can  be c o n s i d e r a b l y  d i f f e r e n t  from t h e  magni tudes  c a l c u l a -  - /49 
t e d  from t h e  e q u a t i o n s  f o r  s t e a d y  s t a t e  f low.  The f o r c e s  g e n e r a t e d  
i n  t h e  i r r e g u l a r i t i e s  a r e  c a l c u l a t e d  w i t h  t h e  a i d  of a n  e q u a t i o n  
f o r  t h e  p u l s e  energy  ba l ance .  

Var ious  c a l c u l a t i c n  schemes have been proposed,  depending on 
t h e  t y p e  of  i r r e g u l a r i t y :  c o n c e n t r a t e d  ones ,  ex tended  ones and 
complex ones ,  The c h o i c e  of  a c a l c u l a t i o n  scheme depends on com- 
p a r a b i l i t y  o f  t h e  e x t e n t  o f  t h e  i r r e g u l a r i t i e s  w i t h  t h e  p r e s s u r e  
wave lengths  and v e l o c i t y  i n  t h e  f low.  The l i m i t s  o f  a p p l i c a b i l i t y  
o f  t h e  formulas  d e r i v e d  have been o b t a i n e d .  

R e l a t i o n s  have been found whicl. pe rmi t  a  d e s c r i p t i o n  of  t h e  
i n t e r a a t i o n  of  a  p u l s a t i n g  f low w i t h  any i r r e g u l a r i t y  i n  t h e  sys tem 
and t h e n  s o l u t i o n  o f  problems on t h e  r e s u l t i n g  f o r c e s  i n  complex 
sys tems .  

For  complex sys tems  w i t h  v a r y i n g  t e m p e r a t u r e s  --the 
Aength  ar.5 some i r r e g u l a r i t i e s ,  r e l a t i o n s  have been o b t a i n e d ,  which 
r e f l e c t  t h e  v a r y i n g  phase d i sp lacement  o f  t h e  f o r c e s  i n  t h e s e  
i r r e g u l a r i t i e s .  
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No l e s s  important  t h a n  de te rmina t ion  of  t h e  f o r c e s  a c t i n g  on 
a  p i p e l i n e  system wi th  a p u l s a t i n g  f low i s  de te rmina t ion  o f  t h e  
r e a c t i o n s  of t h e  s u p p o r t s ,  Accounting f o r  f r i c t i o n  i n  t h e  s u p p o r t s  
p r e s e n t s  s p e c i a l  complex i t i e s .  The e f f e c t  of t h e  f r i c t i o n a l  t o r q u e  
on p i p e l i n e  suppor t s ,  i n  t h e  pxtsence  of f l e x u r a l  and t o r s i o n a l  
v i b r a t i o n s  was i n v e s t i g a t e d ,  on t h e  assumption t h a t  t h e  f r i c t i o n a l  
to rque  depends l i n e a r l y  on t h e  angu la r  v e l o c i t y .  

A r e l a t i o n  was ob ta ined  between t h e  impedances i n  t h e  pipe-  
l i n e  s u p p o r t s ,  from which frequency equa t ions  can be ob ta ined  f o r  
d i f f e r e n t  cases  of  l i m i t i n g  c o n d i t i o n  r e c o r d i n g s ,  cor responding  t o  
d i f f e r e n t  c a s e s  of p i p e l i n e  f a s t e n i n g s .  This  r e l a t i o n  can be used 
when t h e  impedances of t h e  suppor t  a r e  obta ined  by measurement. 
I n  t h i s  case ,  t h e  frequency equa t ion  g i ~ e s  a  f requency va lue  which 
i s  c l o s e s t  t o  t h e  a c t u a l  one. 

The frequency equa t ions  were i n v e s t i g a t e d ,  wi th  account t aken  
o f  t h e  f r i c t i o n a l  to rque  i n  t h e  s u p p o r t s ,  which a r e  l i n e a r l y  depen- 
den t  on v e l o c i t y .  It was shown t h a t ,  if t h e  f r i c t i o n  i s  cons idered  
i n  one of  t h e  p i p e l i n e  suppor t s ,  t h e  frequency equa t ion  i s  s p l i t  
i n t o  two, cor responding  t o  t h e  l i m i t i n g  c a s e s ,  i . e . ,  p o s s i b l e  
v i b r a t i o n s  of t h e  p i p e l i n e  wi th  two d i f f e r e n t  f requency groups,  
i n  which t h e  t r a n s i t i o n  from one group t o  ano the r  t a k e s  p l a c e  by 
jumps. 

It was shown t h a t ,  under  such c o n d i t i o n s ,  t h e  f r i c t i o n a l  
to rque  i n  t h e  suppor t s  can  be cons idered  p r o p o r t i o n a l  t o  t h e  
f i r s t  power o f t h e  a n g u l a r  v e l o c i t y .  This  concerns f l e x u r a l  
v i b r a t i o n s  o f  s h a f t s ,  a s  w e l l  as v i b r a t i o n s  of p i p e l i n e s  t a k i n g  
p l a c e  i n  two mutual ly pe rpend icu la r  p l a n e s ,  under c o n d i t i o n s  
when a  s p e c i f i c  r a t i o  between t h e  v e l o c i t y  components a t  p o i n t s  
on t h e  p i p e l i n e  a r e  s a t i s f i e d  i n  c r o s s  s e c t i o n s  draw11 through 
t h e  suppor t .  

The e f f e c t  of damping pads i n  p i p e l i n e  s u p p o r t s  on i t s  v ib ra -  /50 - 
t i o n s  was i n v e s t i g a t e d .  

The p o s s i b i l i t y  i n  p r i n c i p l e  was shown of s u b s t i t u t i n g  t h e  
d i s t r i b u t e d  f r i c t i o n  and a n a l y t i c a l  r e l a t i o n s  ob ta ined  between 
t h e  c o e f f i c i e n t s  of  concen t ra t ed  and d i s t r i b u t e d  f r i c t i o n  
f r i c t i o n  concen t ra t ed  i n  t h e  s u p p o r t s ,  The former can be ~ . e d  
i n  e l e c t r i c a l  modeling of  p i p e l i n e s .  



THE USE OF A D I G I T A L  COMPUTER FOR CALCULATION OF 
ACOUSTIC FIELDS OF COMPLEX V I B R A T I N G  STRUCTURES BY 

THE RECIPROCITY PRINCIPLE 

A.V.  Rimskiy-Korsakov, Yu.1. Belousov 
(Moscow) 

A program was compiled f o r  c a l c u l a t i o n  of a c o u s t i c a l  p r e s s u r e  
l e v e l s ,  which might be c r e a t e d  by v i b r a t i o n s  o f  complex s t r u c t u r e s  
( an  assembly o f  s h e l l s  and r c d s ) ,  under  t h e  i n f l u e n c e  of  a  g i v e n  
f o r c e ,  f o r  c a s e s  when t h e s e  f i e l d s  cannot  be  measured d i r e c t l y .  
The a c o u s t i c a l  f i e l d  i s  de te rmined  a c c o r d i n g  t o  t r a n s i t i o n  f r e -  
quency and p u l s e  c h a r a c t e r i s t i c s  o f  t h e  s t r u c t u r e  i n  t h e  p r o j e c t i o n  
mode. The p r o j e c t i o n  c h a r a c t e r i s t i c s  a r e  e q u a l  t o  t h e  r e c e p t i o n  
c h a r a c t e r i s t i c s ,  f o r  v i b r a t i n g  zystems i n  kn i ch  t h e  r e c i p r i c i t y  
p r i n c i p l e  h o l d s  t r u e  [l, 21. Th.5 c h a r a c t e r i s t i c s  i n  t h e  r e c e i v i n g  
mode a r e  c a l c u l a t e d  on t h e  b a s i s  of expe r imen ta l  d a t a  on a  p o i n t  
p u l s e  s p a c e  v e l o c i t y  s o u r c e  ( inp t i t  s i g n a l )  and v i b r a t i o n  r e sponse  
o f  t h e  s t r ~ t c t u r e  a n ( t )  ( ou tpu t  s i g n a l ) .  The space  v e l o c i t y  c f  a  
p u l s e  s o u r c e ,  s e t  a t  a  p o i n t  i n  space  r ,  where it i s  n e c e s s a r y  t o  
c a l c u l a t e  t h e  sound f i e l d  o f  t h e  s t r u c t u r e  p ( r , t ) ,  i s  de te rmined  
by measuremsnts o f  :caustic p r e s s u r e  p ~ ,  c r e a t e d  by a p o i n t  s o u r c e  
a t  a d i s t a n c e  R .  The v i b r a t i o n  r e sponse  i s  measured a t  t h e  p o i n t  
where t h e  f o r c e s  F and f e x c i t i n g  t h e  system should  a c t .  The 
a s o u s t i c  p r e s s u r e  c r e a t e d  by  t h e  s t r u c t u r e  i s  c a l c u l a t e d  by t h e  
formulas  : 

-- s p e c t r a l  presentation 

-- f o r  d e t e r m i n a t i v e  r e l a t i o n s h i p s  t o  t ime  t 

where p i s  t h e  d e n s i t y  o f  t h e  medium and w i s  t h e  c y c l i c  f r equency .  

A p r o g r a  was compiled i n  Algol  l anguage ,  i n t ended  f o r  c a l c u l a -  
t i o n  by  a  BESM-6 computer.  B a s i c a l l y ,  t h e  7rogram s e t  a  p rocedure  
f o r  r a p i d  F o u r i e r  t r a n s f o r m  [3],  p e r m i t t i n g  t h e  forward and r e v e r s e  
t r ans fo rms  t o  be  c a l c u l a t e d .  There i s  a  p rocedure  i n  t h e  program 
f o r  c a l c u l a t i o n  of  t h e  F o u r i e r  c o e f f i c i e n t s ,  power s p e c t r a  and 
ampl i tude  and phase  s p e c t r a  o f  p r o c e s s e s .  A p rocedure  f o r  a v e r a g i n g  
s p e c t r a  i n  c o n s t a n t  bands i s  used f o r  smoothing t h e  s p e c t r a  by 
f r e q u e n c i e s  and f o r  d e c r e a s i n g  d i s p e r s i o n .  The s i g n a l s  i n  f i x e d  
r e l a t i v e - c o n s t a n t  f requency  bands a r e  f i l t e r e d  by a  p rocedure  f o r  



s y n t h e s i s  o f  z, t h e  pa rame te r s  o f  a  r e c u r s i v e  d i g i t a l  f i l t e r  [ 4 ] .  
A p rocedure  f o r  s t a t i s t i c a l  p r o c e s s i n g  o f  i n p u t  s i g n a l s  pe rn i i t s  
t h e  mean s i g n a l  amp l i t ude  v a l u e s ,  a s  w e l l  a s  t h e  mean and r o o t  
mean d e v i a t i o n s  from t h e s e  v a l u e s ,  t o  be c a l c u l a t e d .  

The program can o p e r a t e  i n  two modes: g e n e r a t i o n  o f  a  d iagram 
o f  t h e  sound p r o j e c t i o n  d i r e c t i o n s  i n  r e l a t i v e - c o n s t a n t  f r equency  
bands and d e t e r m i n a t i o n  o f  t h e  t ime  dependence o f  t h e  ampl i t ude  of  
an  a c o u s t i c  p r o j e c t i o n  p r e s s u r e  f i e l d  of  a  v i b r a t i n g  s t r u c t u r e .  
I n  t h e  f i r s t  mode of o p e r a t i o n ,  t h e  i n p u t  s i g n a l s  a r e  s u b j e c t e d  t o  
s t a t i s t i c a l  p r o c e s s i n g ,  a s  a  r e s u l t  o f  which a n  averaged  time a r e a  
of  t h e  i n p u t  s i g n a l  i s  g e n e r a t e d .  After  c a l c u l a t i o n  o f  t h e  s p e c t r a l  
c h a r a c t e r i s t i c s  o f  t h e  i n p u t  and o u t p u t  s i g n a l s  and e x c i t i n g  f o r c e s ,  
i n  r e l a t i v e - c o n s t a n t  bands,  by formula  ( 1 1 ,  t h e  a c o u s t i c  p r e s s u r e  
spectrum a t  a g i v e n  p o i n t  i n  space  i s  de te rmined .  Such c a l c u l a t i o n s  
a r e  c a r r i e d  ou t  f o r  a l l  a s s i g n e d  p o i n t s  i n  s p a c e ,  and t h e  a r e a s  o f  
a c o u s t i c  p r e s s u r e  v a l u e s  a r e  t h e n  fo rmula t ed  i n  f i x e d  f requency  
bands,  bu t  f o r  d i f f e r e n t  p o i n t s  i n  space .  I f  t h e  a c o u s t i c  
p r e s s u r e s  a r e  de te rmined  a t  a  uniform d i s t a n c e  from t h e  s t r u c t u r e ,  
but  a t  d i f f e r e n t  a n g l e s  t o  i t ,  t h e  a r e a s  g e n e r a t e d ,  developed i n  
t h e  form o f  a g r a p h , a r e  t h e  d i r e c t i o n a l  d i a g r a m s o u g h t .  I n  t h e  
second mode o f  o p e r a t i o n ,  t h e  t r a n s i t i o n a l  p u l s e  c h a r a c t e r i s t i c s  
of t h e  p r o j e c t i o n  of t h e  system ( i n t e r n a l  i n t e g r a l  by d ~ ~  i n  
formula  ( 2 ) )  a r e  c a l c u l a t e d  i n i t i a l l y .  Then, t h e  sound p r e s s u r e ,  
as t h e  i n t e g r a l  o f  t h e  s p e c t r a  of t h e  e x c i t i n g  f o r c e s  and t h e  t r a n s i -  
t i c n  c h a r a c t e r i s t i c s ,  a r e  de te rmined  by formula  ( 2 ) .  A s  an  i l l u s -  
t r a t i o n  of  t h e  program o p e r a t i o n ,  a  sound f i e l d  of a  c y l i n d r i c a l  
s h e l l ,  s t i m u l a t e d  by  p o i n t  f o r c e s ,  was de te rmined .  A s t a r t i n g  
p i s t o l ,  c r e a t i n g  a  sound p u l s e  ove r  t h e  spec t rum ( F i g .  l ) ,  was /a 
used as a  p u l s e  s o u r c e .  The spec t rum,  i n  1 /3  o c t a v e  bands of  
t h e  v i b r a t i o n  p u l s e ,  i s  shown i n  F i g .  2 .  

The c a l c u l a t e d  d - r ec -  
t i o n a l  diagrams (F ig .  3 )  
c o i n c i d e  w i t h  t h e  d i r e c t  
measurements,  w i t h  a n  e r r l o r  
no t  exceeding  + 2  dB. 

I -Her t z  
F i g .  1. Spectrum o f  a s t a r t i n g  
p i s t o l  sound p u l s e  ( 0  dB cor -  
responds  t o  1 0  pVAh). 



tom t*l 

f - Hertz 
Fig. 2. Spectrogram of vibration 
pulse of a shell, at a sound wave 
angle of incidence of lo0 ( 0  dB 
corresponds to 0.03 d). 

Fig. 3. Diagram of sound projection 
directions of a shell, in 1/3 octave 
bands, with mean frequencies: a. 315 Hz; 
b. 4000 Hz ( 0  dB corresponds to 0.18 
pVAh) . 
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' STATISTICAL FARAMETERS OF REVERBERATING FIELDS, 
CALCULATED BY COMPUTER 

I . V .  Lebedeva and L.G. Rubanova 
(Moscow) 

The development o f  a  s t a t i s t i c a l  t heory  of sound f i e l d s  i n  
c losed  spaces  [l, 2 ,  31 has pe rmi t t ed  development of a  method 
f o r  measurements i n  r e v e r b e r a t i o n  chambers, i n  t h e  s t e a d y  s t a t e  
mode. 

The s p a t i a l  d i s t r i k t i o n  p a t t e r n s  of t h e  square  of  t h e  sound 
p r e s s u r e  vs .  t ype  o f  e x c i t i n g  s i g n a l  were produced t h e o r e t i c a l l y .  
Thus, i n  e x c i t a t i o n  of  a  f i e l d  i n  t h e  chamber by a  pure  tone ,  t h e  
d e n s i t y  p r o b a b i l i t y  f u n c t i o n  of t h e  square  of t h e  sound p r e s s u r e  
pr(w)., normalized t o  t h e  mean va lue  ep2 ( w ) > ,  i s  exponen t i a l :  

P (x )  = e-X, where x  = p2(w)/<p2(w)>.  This  means t h a t  t h e  
appearance of smal l  va lues  of x i s  more l i k e l y  t h a n  l a r g e  v a l u e s .  
The s t anda rd ized  d i s p e r s i o n  i n  t h i s  c a s e  equa l s  u n i t y ,  

The normal i s  g r a d u a l l y  approached by averaging  t h e  squa res  
of t h e  p r e s s u r e  by  Frequency o r  by s p a t i a l  d i s t r i b u t i o n .  I n  g e n e r a l  
form, t h e  d i s t r i b u t i o n  p a t t e r n  i s  desc r ibed  by t h e  y d i s t r i b u t i o n :  

Here, t h e  parameter  M i s  t h e  product  of t h e  numbers of s t a t i s t i c a l l y  
independent f r equenc ies  and s t a t i s t i c a l l y  independent  p o i n t s  over  
which t h e  ave rag ing  t a k e s  p l a c e .  The s t a n d a r d i z e d  d i s p e r s i o n  of  
t h i s  f requency v 2  i s  i n v e r s e l y  p r o p o r t i o n a l  t o  M: v 2  = 1 / M .  

An equ iva len t  va lue  of M i s  in t roduced  f o r  t h e  whi te  n o i s e  
band, showing how much t h e  s t a t i s t i c a l l y  independent components 
c o n t r i b u t e  t o  a g iven  band: M % 1 + ~ ~ ~ / 6 , 9 ,  where B i s  t h e  f i l t e r  
pass  bandwidth and TO i s  t h e  r e v e r b e r a t i o n  t ime i n  t h e  chamber a t  
t h e  avrerage frequency o f  t h e  band. 

The t h e o r e t i c a l  r e l a t i o n s  were checked exper imen ta l ly  i n  
t h e  Moscow S t a t e  U n i v e r s i t y  Reverbera t ion  Chamber [ 4 ] ,  wi th  a 
volume of 217 m3, and wi th  good a c o u s t i c a l  q u a l i t y ,  and t h e  
measurements were cont inued i n  o t h e r  r e v e r b e r a t i o n  chambers i n  
Moscow. 

The d a t a  ob ta ined  i n  t h e  Mcscow S t a t e  U n i v e r s i t y  chamber 
and i n  t h e  chamber of t h e  All-Union S t a t e  P lanning  I n s t i t u t e  f o r  
t h e  P lanning  o f  A i r c r a f t  I n d u s t r y  S c i e n t i f i c  Research I n s t i t u t e s ,  
w i t h  a volume of 118 m3 and wi th  worse a c o u s t i c a l  p r o p e r t i e s ,  a r e  
compared. The r e s u l t s  of  measurements of t h e  s p a t i a l  i r r e g u l a r i t i e s  



of  t h e  f i e l d  w i th  pur2 t o n e s  and w i t h  no i se  bands i n  t h e  200- 
2000 Hz frequency range  were used f o r  c a l c u l a t i o n  o f  t h e  s t a t i s -  - /55 
t i c a l  parameters  of  t h e  r e ~ e r b a r a f i o n  f i e l d s  by computer,  

Values s e l e c t e d  from 109 s t a t i s t i c a l l g  independent  v a l u e s  
of  t h e  sound p r e s s u r e  l e v e l ,  measured i n  t h e  space  of t h e  r e v e r -  
b e r a t i o n  chamber and r eco rded  on au tomat ic  r e c o r d e r  t a p e  ( i n  dB),  
were processed  by t h e  s m a l l  Mir d i g i t a l  computer.  The c a l c u l a -  
t i o n  program inc luded  d e t e r m i n a t i o n  o f  t h e  d e n s i t y  p r o b a b i l i t y  
f u n c t i o n ,  i n t e g r a l  d i s t r i b u t i o n  p a t t e r n ,  mathemat ica l  e x p e c t a t i o n  
and normalized d i s p e r s i o n  of  the  mean s q u a r e  of  t h e  p r e s s u r e .  

The v a l u e s  of  t h e  e x p e r i m e n t a l l y  normalized d i s p e r s i o n  by 
pu re  t o n e s  and a t  d i f f e r e n t  f r e q u e n c i e s  a r e  shown f o r  bo th  chambers 
I n  F i g .  1. The exces s  of t h e  expe r imen ta l  v a l u e s  of  v 2  over  t h e  
t h e o r e t i c a l  v a l u e s ,  e q u a l  t o  one,  i s  an  i n d i c a t i o n  of i nadequa te  d i f -  
f u s i v i t y  of t h e  f i e l d  a t  low f r e q u e n c i e s  (200 Hz). Th i s  
d ive rgence  i s  e s p e c i a l l y  n o t i c e a b l e  i n  t h e  compara t ive ly  s m a l l  
volume of  t h e  All-Union S t a t e  P lanning  I n s t i t u t e  f o r  t h e  P l ann ing  
o f  A i r c r a f t  I n d u s t r y  S c i e n t i f i c  Research I n s L i t u t e s  chamber. 

Experimental  v a l u e s  

P of  v 2 ,  o b t a i n e d  d u r i n g  
3 

t 

I 

Xt &8 
c e r t a i n  s i m p l i f y i n g  

dm - -6 Hz assumpt ions .  However, / 5 6  - 
t h e  expe r imen ta l  v a l u e s  

F i g .  1. Normalized d i s p e r s i o n  v a l u e s ,  of v 2 ,  ob ta ined  i n  b o t h  
measured w i t h  pu re  t o n e s ,  v s .  f requency:  chambers, w i t h  i d e n t i c a l  

Moscow S t a t e  U n i v e r s i t y  chamber v a l u e s  of  t h e  parameter  
A All-Union S t a t e  P l ann ing  I n s t i t u t e  M ,  bu t  a t  d i f f e r e n t  e x c i t -  

f o r  t h e  P lanning  of  A i r c r a f t  Indus- i n g  f r e q r ~ e n c i e s ,  proved 
t r y  S c i e n t i f i c  Research I n s t i t u t e s  t o  3e  c l o s e  t o g e t h e r .  
chamber 

A I e x c i t a t i o n  of  t h e  f i e l d  

o 

I 
I 

I 
i 

by 3% n o i s e  bands (Moscow 
S t a t e  U n i v e r s i t y )  and 1 /3  / 1 oc tave  n o i s e  bands ( A l l - -  
Union S t a t e  P lanning  
I n s t i t u t e  f o r  t h e  Plan- 
n i n g  of A i rc iBa f t  I n d u s t r y  

" 

above t h e  t h e o r e t i c a l  
c u r v e ,  c a l c u l a t e d  w i t h  

I f 
* 

S c i e n t i f i c  Research I n s t i -  
t u t e s )  a r e  shown i n  F i g .  

4 2 .  They a l l  a r e  l o c a t e d  



Fig .  2 .  Normalized d ? s p e r s i o ?  v a l u e s ,  
measured w i t h  wh i t e  n o i s e  bznds,  v s .  
parameter  14: 

3% bands,  Moscow S t a t e  Un ive r s i t y  chamber; 
A l i 3  oc tave  hands,  All-iJnidn S t a t e  Plannlfig 

I n s t i t u t e  f o r  t h e  P lanning  of  A i r c r a f t  
I n d u s t r y  S c i e n t i f i c  Research I n s t i t u t e s  chamber; - Theory 
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EXPERIMENTAL ESTIMATION OF THE STATISTICAL PARAMETEPS /57 
OF VlBRATIONS OF A SHELL 

(USING A DIGITAL COMPUTER) I. 

B.A. Kanayev, G.S. Lyubashevskiy,  and B. E.  Tzr takovsk iy  
(Moscow) 

The d i s t ~ i b u t i ~ n  p a t t e r n  of  t h e  ampl i t udes  o f  v i b r a t i o l ~ s ,  
measured a t  v a r i o u s  p o i n t s  on t h e  s u r f a c e  of a s h e l l .  s t l m u i a t e d  
by a  p o i n t  sou rce  of harmonic f o r c e  i n  t h e  sound f requency  r a n g e  
i s  be ing  s t . ~ d i e d  e x p e r i m e n t a l l y .  Th i s   patter^ p-mfts a v a l i d  
s p a c i n g  e s t i m a t e  t o  be c a r r i e d  o u t  of t h e  ave rage  s t r u c t u r a l  char -  
a c t e r i s t i c s  of t h e  v i b r a t i o n s ,  which a r e  used f o r  bo th  estimation 
o f  t h e  v i b r a t i o n  e x c i t a b i l i t y  o f  t h e  s t r u c t u r e  and f o r  e s t i m a t i o n  
of t h e  e f f e c t i v e n e s s  o f  u se  of a  v i b r a t i o n - a b s o r b i n g  cove r ing .  

F ig .  1. 

S t e e l  s h e l l s  (8  mm t h i c k )  
were used f o r  t h e  r e s e a r c h ,  :i: 
two c o n f i g u r a t i o n s :  combined 
(F ig .  l a )  and r e c t a n g ~ l a r  ( F i g .  
l b ) .  For  an  e s t i m a t e  o f  t h e  
e f f e c t  of i i - ~ t e r r i ~ i  LGLL- cn t h e  
n a t u r c  of the a m ~ l i t ; : d e  d i s t r i b u -  
t i o n ,  v i b r a t i o n  damping s h e l l s ,  
w i t 5  a  t l g h  l o s s  c o e f f i c i e n t ,  
a l s o  were i n v e s t i g a t s 2 .  The 
ampl i t udes  o f  t h e  v i b r a t i o n  r a t e s  
a t  p o i n t s ,  un i formly  a i s t r l b u t e d  
ove r  t h e  s u r f a c e  of  t h e  s h e l l ,  
were measured w i t h  a n  m t o m a t i c  
u n i t  [l], which r e c o r d s  t h e  r e s u l t s  - /58 
of  t h e  messurem:>nts on punched t a p e ,  
which i s  f e d  d i r e c t l y  L U  a d i g i t a l  
computer.  The e m p i r i c a l  d e n s i t y  
p r o b a b i l i t y  fczcti?n k!~!: c a l c u l a t e d  
by t h e  d i g i t a l  computer,  f rcm t h e  
t o t a l i t y  of t h e  normal ized ampli-  
t u d e s  x i  = A ~ / A ,  where 

- - 3 ,  .4 = , 
. ,  - 

i s  t h e  mean of  t h e  v i b r a t i o n  ampl i tude  a t  n  ~ c i n t s ,  f o r  each  e x c i t -  
i n g  f requency.  

For t h e  rect ;angular  r3e l l s ,  150,  280 a. '. 350 p o i n t s  were 
chosen a t  a l l  e x c i t i n g  f r c  . e n c i e s  ( t h e  mean d i  r+"nrc hzC,;;;-.. 
neighbor ing  p o i n t s  was 'i.-; 9.7 and 8.6 crr., r e s p e c t i v e l y ) .  His to-  
grams of t h e  normal ized amyl i tude  x i  d i s t r i b u t i o n ,  co r r e spond ing  t o  
d i f f e r e n t  v a l u e s  of  n, a r e  r ep re sen t ed  i n  F i g s .  2 and 3. Normalized 
ampl i tude  i s  p l a t t e d  on t h e  a b s c i s s a  and t h e  p r a 5 a b i l i t y  d e n s i t y  on 



t h e  o r d i n a t e .  S ince ,  d u r i n g  change i n  volume of  t h e  sample,  t h e  
shape of  t h e  h i s togram i s  e s s e n t i a l l y  unchanged, t h e  d i s t r i b u t i o n  
found i s  c h a r a c t e r i s t i c  of  a g iven  s h e l l  and e x c i t i n g  f requency .  

F i g .  2 .  

The gamma d i s t r i b u t i o n  f u n c t i o n  was s e l e c t e d  as approximat ing  /59 
t h e  a n a l y t i c a l  cu rve :  

where x > 0,  a  > 0 ,  p  > 0 and r ( p )  i s  t h e  gamma f u n c t i o n  of  p [2!. 
The shape  of  t h e  d i s t r i b u t i c n  curve  G(x/p, a )  i s  determined by 
t h e  parameter  p;  t h e  parameter  a  i s  a  s c c l e  f a c t o r .  A t  p  = 1, t h e  
gamma d i s t r i b u t i o n  changes t o  e x p o n e n t i a l ;  a t  p  >> I., t h e  d i s t r i b u -  
t i o n  i s  c l o s e  t o  normal. The mathematical  e x p e c t a t i o n  of t h e  
random va lue  6 ,  subord ina t ed  t o  t h e  gamm~ d i s t r i b u t ' o n ,  i s  d e t e r -  

, . niirlt.; Ly t,~lc ; .~L ;C \  E ( C )  = p/a, and $he d i s p e r s i o n  i:; D = p /a2 .  
Consequently,  

j=.i.t,s) and ;=i;$, 



a r e  e s t i m a t e s  of  t h e  parameters  p and a ,  where x and s2 a r e  e s t i -  
mates of  t h e  mathematical  e x p e c t a t i o n  and t h e  d i s p e r s i o n .  

The sn.ooth curves  ( F i g s .  2 and 3 )  correspond t o  t h e  d i s t r i b u -  
t i o n  G(x/@,&),  where f3 and & a r e  c a l c u l a t e d  by  t h e  method i n d i c a t e d  
above f o r  n  = 350. The e m p i r i c a l  d i s t r i b u t i o n  i s  approximate? w e l l  
by t h e  cor responding  gamma d i s t r i b u t i o n ,  f o r  both  uniform and f o r  
damped s h e l l s ,  a t  a l l  e x c i t i n g  f r e q u e n c i e s .  

For an  e s t i m a t e  of t h e  e f f e c t  of t h e  s t r u c t u r e  shape cn 
t h e  n a t u r e  of t h e  d i s t r i b u t i o n ,  simllar measurements were c a r r i e d  
ou t  on uniform and damped s h e l l s  of t h e  combined t y p e  ( F i g ,  l a )  /61 
!n = 280, 1 = 12.4 ..,I). The smooth curves  on t h e  his tograms 
(F igs .  4 and 5 )  correspond t o  t h e  d i s t r i b u t i o n  G ( x / @ ,  8 ) .  I n  
t h i s  c a s e ,  t h e  approximation o f  t h e  h is togram t o  t h e  gamma d i s -  
t r i b u t i o n  pe rmi t s  a  b e t t e r  approx ina t ion  t o  be produced. 

I n  t h i s  manner, independent ly  of t h e  type  of  s h e l l  and i n t e r n a l  
l o s s e s ,  t h e  e m p i r i c a l  d i s t r i b u t i o n  has  a  s t a b l e  shape and sat is-  
f a c t o r i l y  approximates t h e  gamma d i s t r i b u t i o n  over  t h e  e n t i r e  
f requency range i n v e s t i g a t e d .  This  pe rmi t s  t h e  d i s t r i b u t i o n  
G(x/p, a )  t o  be used f o r  e s t i m a t i o n  of  t h e  c h a r a c t e r i s t i c s  of  
t h e  v i b r a t i o n  f i e l d s  of s h e l l s .  We n o t e  t h a t  t h e  wave dimensions 
of  the  s h e l l  kL = 16-210 (k i s  t h e  wave number of  t h e  f l e x u r a l  



F i g ,  4 .  

F i g .  5 .  

v i b r a t i o n s  and L = 6, S = t h e  s h e l l  s u r f a c e  a r e a )  correspond t o  
t h e  frequency range i n v e s t i g a t e d .  

The r e s u l t s  ob ta ined  can be used f o r  c a l c u l a t i o n  of conf idence  
e s t i m a t e s  of t h e  mean v i b r a t i o n  ampli tude s t r u c t u r e .  I f  t h e  sample 
v i b r a t i o n  ampli tude va lues  xi a r e  independent random v a l u e s ,  d i s -  
t r i b u t e d  according  t o  t h e  p a t t e r n  G(x/p,a), i n  accordance wi th  
t h e  p r o p e r t i e s  of t h e  gamma d i s t r i b u t i o n ,  x i s  d i s t r i b u t e d  accord ing  
t o  t h e  p a t t e r n  G(x/lpl, a l )  where p l  = np and a 1  = na.  By 



s u b s t i t u t i n g  t h e i r  e s t i m a t e s  f o r  t h e  pa rame te r s  p  and a ,  we f i n d  
an  approximate  d i s t r i b u t i o n  p a t t e r n  o f  t h e  mean G(x/fil, a l ) .  
Correspondingly ,  we f i n d  t h e  l imits of t h e  con f idence  i n t e r v a l  xl 
and x2, f o r  a g iven  conf idence  c o e f f i c i e n t  E ,  from t h e  r e l a t i o n -  
s h i p s  

'j x ~ - l e - ~ d x  i s  t h e  incomple te  gamma f u n c t i o n  where I ( u ,  p )  = 

1 3 1 ,  ill = a1xl and i12 = 81x2. 

It i s  known t h a t ,  under  t h e  c o n d i t i o n a l  t e rms  superimpcsed on 
t h e  d i s t r i b u t i o n  f u n c t i o n  by t h e  random v a l u e  5 ,  t h e  d i s t r i b u t i o n  
of t h e  sample mean of t h i s  v a l u e  i s  a s y m p t o t i c a l l y  normal [ 4 ] .  I f  
E 4  i s  d i s t r i b u t e d  a c c o r d i n g  t o  t h e  p a t t e r n  G(x/p ,a ) ,  it can  be 
shown t h a t  t h e  d i f f e r e n c e  between t h e  d i s t r i b u t i o n  f u n c t i o n s  F (x) 
of t h e  normalized sum 

and t h e  normal d i s t r i b u t i o n  p a t t e r n  @ ( x )  has  a n  o r d e r  o f  tendency - /62 

toward ze ro ,  e q u a l  t o  (np)-(1/2),  w i t h  i n c r e a s e  i n  n  [3] .  Conse- 
q u e n t l y ,  a t  l a r g e  n  t h e  n o r r ~ ~ a l  p a t t e r n  ~ ( x ,  ( s / f i ) )  can be used 
f o r  p l o t t i n g  t h e  con f idence  i n t e r v a l s  f o r  t h e  mean x. 

The r e l a t i o n s h i p  o f  t h e  r e l a t i v e  wid th  of  t h e  con f idence  
i n t e r v a l  (x2 - XI)/? t o  t h e  confidence l e v e l  1 - E i s  shown 
i n  F ig .  6  a s  an example, f o r  a uni form r e c t ? n g u l a r  s h e l l  ( f  = 840 Hz) .  
The r e l a t i o n s h i p s  ob ta ined  from r e l a t i o n  ( 1 )  a r e  shown by s o l i d  
l i n e s ,  f o r  sample v a l u e s  = 0.62 and fi = 0.62 and v a r i o u s  v a l u e s  
of n. The dashed cu rves  cor respond t o  t h e  normal d i s t r i b u t i o n ,  
w i t h  parameters  x = 1 . 0  and S = 1.27 ,  ob ta ined  e x p e r i m e n t a l l y  under  
t h e  same c o n d i t i o n s .  It i s  c l e a r  t h a t ,  f o r  n  < 40, w i t h  e q u a l  
conf idence  l e v e l s ,  t h e  i n t e r v a l  c a l c u l a t e d  from t h e  gamma 
d i s t r i b u t i o n  i s  s m a l l e r  t h a n  t h e  cor responding  v a l u e s  ob ta ined  
f o r  normal d i s t r i b u t i o n .  T h i s  d i sc repancy  i s  dec reased  w i t h  
i n c r e a s e  i n  n.  For  n  > 40,  t h e  cu rves  p r a c t i c a l l y  c o i n c i d e .  There- 
f o r e ,  a t  np > 30, t h e  conf idence  i n t e r v a l  f o r  t h e  mean v i b r a t i o n  
ampl i tude  can be de te rmined  on t h e  b a s i s  of  normal d i s t r i b u t i o n ,  - /63 
v r i t h  an adequate  approximat ion  f o r  p r a c t i c a l  purposes .  However, 

t  np < 30,  t h e  gamma d i s t r i b u t i o n ,  co r r e spond ing  t o  t h e  e x p e r i -  
menta l  d a t a  o b t a i n e d ,  should  be used. 



- 
Fig. 6. 

It can be assumed that such an amplitude distribution will 
be observed for structures and shells which &re different from 
those investigated. However, further research is necessary for 
estimation of the limits of applicability of the distribution 
pat tern found. 
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EXPERIMENTAL ESTIMATION OF THE STATISTICAL PARAMETERS 
OF VIBRATIONS OF A SHELL 

(USING A D I G I T A L  COMPUTER) 11. 

B.A. Kanayev, G.S. Lyubashevskiy,  and E.C.  Ta r t akovsk iy  
(Moscow) 

I n  a  number of  c a s e s ,  t h e r e  i s  j n t e r e s t  i n  o b t a i n i n g  s t a t i s -  
t i c a l  ~ h a r a c t e ~ i s t i c s ,  no t  o n l y  o f  v i b r a t i o n  ampl i t ude  modules [l], 
bu t  o f  v i b r a t i o n  phases .  The s t a t i s t i c a l  c h a r a c t e r i s t i c s  of com- 
p l e x  v i b r a t i o n  ampl i t udes  of  t h e  same s h z l l s  were examined, e x c i t e d  
( a s  i n  work [ I ] )  by harmonic f o r c e  s o u r c e s  i n  t h e  sound f requency  
r a n g e .  The v i b r a t i o n s  were measured w i t h  a  m u l t i c h a n n e l  u n i t ,  per-  
m i t t i n g  t h e  component v a l u e s  of  a  conp l fx  v i b r a t i o n  ampl i t ude ,  d e s i g -  
na t ed  h e r e a f t e r  a 1  and b l  r e s p e c t i v e l y ,  f o r  t h e  i - t h  measurement 
p o i n t ,  t o  be o b t a i n e d  a t  each  measured p o i n t .  The ampl i t ude  and 
phase modules, r e s p e c t i v e l y  e q u a l  

- .- . bi 
A i = l  a;+h;' and @i = a r c t a n  a  - .I 

The most complete  p i c t u r e  o f  a  v i b r a t i o n  f i e l d ,  w i t h  t h i s  
t y p e  o f  m u l t i p l e - p o i n t  spat:al measurements,  p e r m i t s  p r e s e n t a t i o n  
of t h e  r e s u l t s  i n  t h r ee -d imens iona l  space ,  a l o n g  t h e  axes  o f  which 
t h e  ampl i t ude  module A i ,  phase  module + and c o o r d i n a t e s  o f  t h e  
measurement p o i n t  r e l a t i v e  t o  t h e  e x c i t  $ ng p o i n t  ri, r e s p e c t i v e l y ,  
are t o  be p l o t t e d .  However, such  a p r e s e n t a t i o n  of t h e  r e s u l t s  - /64 
i s  d i f f i c u l t  t o  accomplish g r a p h i c a l l y .  T h e r e f o r e ,  t h e  p l o t t i n g  
of un id imens iona l  d i s t r i b u t i o n s ,  t h e  t o t a l i t y  o f  which p e r m i t s  
c o n c l u s i o n s  t o  be drawn a s  t o  t h e  n a t u r e  of  t h e  f i e l d ,  i s  
a d v i s a b l e .  

Unidimensional  d i s t r i b u t i o n s  of  t h e  v i b r a t i o n  ampl i tude  
modules f o r  v a r i o u s  s h e l l s  and e x c i t i n g  f r e q u e n c i e s  were examined 
i n  work [I]. V i b r a t i o n  phase d i s t r i b u t i o n  h i s tog rams  of  r e c t a n g u l a r  
s h e l l s ,  f o r  v a r i o u s  e x c i t i n g  f r e q u e n c i e s ,  w i t h  a  sample volume n  = 
= 350, a r e  shown f o r  a  uniform s h e l l  i n  F i g .  1 and f o r  a damped 
s h e l l  i n  F ig .  2 .  With i n c r e a s e  i n  e x c i t i n g  f r equency ,  t h e  phase 
d i s t r i b u t i o n ,  hav ing  two maxima a t  low f r e q u e n c i e s ,  s e p a r a t e d  from 
one a n o t h e r  by T, g r a d u a l l y  t e n d s  towards  a uniform d i s t r i b u t i o n .  
For damped s h e l l s ,  t h e  maxima i n  t h e  low f requency  r ange  a r e  
l e s s  marked t h a n  f o r  a un i form s h e l l .  The maximums~septrrated by TT 

cor respond  t o  s t a n d i n g  waves. A d e c r e a s e  i n  t h e  v a l u e s  of  t h e  - / 6 5  
maxim& i s  ev idence  of e i t h e r  an  i n c r e a s e  i n  d i f f u s e n e s s  of t h e  
v i b r a t i o n  f i e l d  o r  o f  an  i n c r e a s e  i n  t h e  f r a c t i o n  of d i r e c t  waves 
i n  t h e  t o t a l  f i e l d .  There  can bc  a  un i form phaze d i s t r i b u t i o l i  i n  
b o t h  a d i f f u s e  f i e l d  a n d ; i n  t r a v e l i n g  waves. For  d e t e r m i n a t i o n  
of  t h i s ,  f o r  example, t h e  n a t u r e  of change i n  t h e  ampl i t ude  module 
a s  a  f u n c t i o n  o f  d i s t a n c e  t o  t h e  s o u r c e  c a n  be  ana lyzed  ( F i g s .  3 



Fig .  1. 
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and 4). The mean amplitude A over a certain interval (r, r t Ar) 
vs. distance to the source r is designated in the figures by dashed 
curves. The solid curve corresponds to the calculated amplitude 
of a cylindrical wave 

where y is an experimentally determined spatial attenuation coef- /* 
ficient. The messured amplitude module, on the average, does not 
depend on distance, for a uniform shell, while the amplitude module 
is decreased with distance ac well, for a damped shell, as in a 
traveling cylindrical wave with losses. Cocsequently, for a uni- - / 6 7  
form shell, the uniformity of phase distribution and independence 
of the vibration energy from the distance to the source together 
are evidence of diffuseness of the field; for a damped shell, uni- 
form phase distribution and decrease in energy as a function of 
distance are evidence of the presence of traveling waves. 

A (a-' I Uniform shell 
t5 

I 
I 

i -area A 
x -area B 
0 drea C 

Fig. 3. 

It is known that the complex amplitude components a and b 
are independent in a diffuse field and are distributed according 
to the normal law N(0,o). In this case, the amplitude module is 
distributed according to the Rayleigh law [2]:  



Vibration-damped shell 
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Fig. 4. 

and the phase module is distributed unifor,rnly. Therefore, the 
diffuseness of the field can be judged, not only from the module 
and phase distribution, but by the characceristics a and b. 

f -Hertz 
I 

Fig. 5. 



4 

The degree of  t h e  s t a t i s t i c a l  r e l a t i o n  betwezn t h e  va lues  a and b 
can be es t imated  from t h e  magnitude of t h e  c o r r e l ~ t i o n  c o e f f i c i o n t  
module 0 

i; 
1 
i 

2 2 where mab i s  t h e  empi r i ca l  covariance and Sa and Sb arbe t h e  empiri-  
c a l  d i s p e r s i o n s  of t h e  va lues  a and b ,  r e s p e c t i v e l y .  The va lues  of 
t h e  c o r r e l a t i o n  c o e f f i c i e n t  module a r e  presented  i n  F ig .  5, f o r  r ec -  I /68: 
t angu la r  (uniform and damped) s h e l l s .  A s tand ing  wave predonlinates 
a t  low f requencies ;  t h e r e r o r e ,  (Rab  1 a 1. With i n c r e a s e  i n  f r e -  
quency, t h e  c o r r e l a t i o n  c o e f f i c i e n t  module dec reases ,  approaching 
zero ,  which i s  evidence of t h e  predominance of a d i f f u s e  v i b r a t i o n  
f i e l d .  

The d i s t r i b u t i o n  o f  t h e  va lues  of a i  and bi, normalized t o  
a s i n g l e  d i s p e r s i o n ,  f o r  a uniform s h e l l ,  a t  n 350 and e x c i t i n g  
f requenc ies  o f  293 and 16,000 Hz, a r e  presented  i n  Fig .  6,  a s  an 
example of component a and b d i s t r i b u t i o n .  The smooth curves  



correspond t o  t h e  normal d i s t r i b u t i o n  N ( 0 , l ) ;  t h e  c o e f f i c i e n t s  of  
asymmetry 8% and excess  $2 and t h e  r a t i o  a f  t h e  sample d i s p e r s i o n  
va lues  Sa/Sb a l s o  a r e  i n d i c a t e d .  I n  accordance wi th  what has  been 
s a i d  above, t h e  d i s t r i b u t i o n  of t h e  va lues  3f a  and b a t  a file- 
quency of  16,000 Hz a r e  c l o s e  t o  t h e  normal d i s t r i b u t i o n ,  w?th 
ze ro  mean and equal  d i s p e r s i 3 n s ,  which, t o g e t h e r  wi th  sma l l  va lues  
o f  1 ~ ~ ~ 1 ,  a r e  evidence of t h e  nea rness  of t h e  f i e l d  t o  d i f f u s e n e s s .  / 6 9  - 
A t  a frequency of  293 H z ,  t h e  h is tograms a r e  s i g n i f l c a n t l  d i f f e r -  
e a t  from the normal d i s t r i b u t i o n ;  moreover, t h e  va lue  of  T R a b (  i s  
c l o s ~  t o  uni2y. I n  t h i s  case ,  t h e  f i e l d  has  a  s t a n d i n g  wave char-  
a c t e r .  

The s t a t i s t i c a l  approach t o  i n v e s t i g a t i o n  of v i b r a t i o n  f i e l d s  
of corilplex mechanical s t r u c t u r e s ,  u s i n g  t h e  d i s t r i b u t i o n  of phases 
an9 complex ampli tude components and t h e i r  in te rdependence ,  has  
been desc r ibed  f o r  t h e   fir^: t ime,  as f a r  a s  i s  known. This  s ta t is-  
t i c a l  approach pe rmi t s  not  only  t h e  p r o b a b i l i t y - s t a t i s t i c a l  es t ima- 
t i o n  of t h e  average v ib ra t io r i  c h a r a c t e r i s t i c s  t a  be  ob ta ined ,  but  
an e s t i m a t i o n  of t h e  n a t u r e  of' t h e  v ib ra t io r .  f i e l d  s t r u c t u r e .  
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A MATHEMATICAL MODELING METHOD FOR DETERMINATION OF 
LOCAL VIBROACOUSTIC CHARACTERISTICS OF STRIJCTURES 

B.D. Tartdkovskiy and A.B. Dubner 
(Moscow) 

One of the present problems in vibroacoustic diagnostics and 
techniques of noise control is dets~mination of the layout of the 
distribution of acoustical (vibration) energy over a structure 
from the source to the observation point. Mathematical modeling 
of the vibration and acoustical signal propagation proc~ases In 
complex structures ibequires a knowledge of local vibroacoustic 
characteristics. Such characteristics can be the magnitudes 
characterizing the passage of vibrational clergy through the 
boundaries of structural elements, the mut1,al conversicn of vibra- 
tion and sound wave?, absorption of vibra~;ional energy in individual 
elements, etc. A method of determination of the vibroacoustic 
characteristics lrom the realts of measurement of tile Cistribu- 
tion of vibrational energy in a structure is propose,j, based on 
the energy model of a structure plloposed by Westphal [l]. In con- - /70 
formance with work [I], we write equations describing the distribu- 
tion of vl.brationa?. energy in a hypothetical diffuse energy state 
in structural elements : 

where Wi is the vibrational energy density in the i-th structural 
element, Wj is the power of the vibrational energy source, 
a value proportional to the coefficient of transfer of 
energy from the i-th section af the structure to the j-th section, 
ni is a value proportional to the loss coefficient of the I-th 
section [2]. 

If exact values of the vibrational energy density were known, 
the vibroacoustic characteristics could be determined directly 
from Eq. (1) (in the case when the number of unknown values ccincides 
with the number of structural ele.nents). However, since the measured 
vibrational energy density distribution, in :)rinciple, has errors, 
it is neces~ary that the number of elements over which it. j:, deter- 
mined exceed the number of quantities sought, In this caLz, for 
determination of the vibroe,coust ic characte:+~istics, the least 
squares method can be used [ 3 ] ,  in this cssc, it comes < a m  to 
finding the values of the unknown parameters of the correspond~ng 
minimum value of the sum of the squares: 

\ \ 



where summing i s  c a r r i e d  out  over  a l l  t h e  e l c x m t s  of t h e  s t r u c t u r e .  
Taking t h e  p a r t i a l  d e r i v a t i v e s  from express ion  ( 2 )  w i t h  t h e  para- 
meters  sought and equa t ing  them t o  z e r o ,  we o b t a i n  a  system of  
l i n e a r  a l g e b r a i c  equa t ions  r e l a t i v e  t o  t h e  d e s i r 5 a  v i b r o a c o u s t i c  
q u a n t i t i e s .  

I n  s t r u ~ t u ~ e s  wi th  ci high  space a t t e r l ~ : a i i ~ ~ i  va lue  and s t r o n g  
sound and v i b r a t i o n  i s o l a t i o n  between i n d i v i d u a l  e lements ,  t h e  
v i b r a t i o n  energy d e n s i t y  value can  d l f t ~ r  9v s e v e r a l  times. 11, 
t h i s  c a s e ,  t h e  l e a s t  squa res  method may no t  g i v e  t h e  expected 
r e s u l t ,  ii t h e  magnitude of express ion  ( 2 )  i s  determined w i t h  only 
a f 2 w  terms.  

Ar,other approach i s  p o s s i b l e  t o  s o l u t i o n  of  t h e  r e c i p r o c a l  
prnblem a f  t h c  a c o u s t i n  c a l c u l a t i o n ,  i n  which t h e  unknown para-  
meters occur  i n  a  s e t  41, such a manner t k a t  d i r e c t  c a i c u l a t i o n  by 
Eqs. (1) g i v e s  va lues  which a r e  c l o s e s t  t o  tlie f i x e d  v a l u e s  of  
t h e  sound ( ~ i b ~ a t i o n )  energy d e n s i t y .  The va lue  of t h e  r e l a t i v e  /71 
r c o t  mean d e v i a t i n ?  can be cons idered  as a c r j t e r i o n  which char -  
a c t e r i z e s  t h e  de,;r o f  d e v i a t i o n  of  t h e  c a l c u l a t e d  energy d e n s i t y  
va lues  of  indiv ia~l i t ,  s e c t i o n s  of t h e  s t r u c t z r e  f r e m  t h e  ass igned  
d i s t r i b u t i o n :  

i s  a va lue  a s s i g n e a  t o  t h e  i - t h  element of -he s t r ~  Ire 
s t h e  c a l c u l a t e d  vallie f o r  t h i s  element.  

F u r t h e r ,  t h e  va lues  of  parameters  cor responding  t o  t h e  minimum 
value  of express ion  ( 4 )  must be round, which can be done by a 
s e a r c h  f o r  t,he extreme i n  mul t id imens icna l  space .  

Even i n  t n e  s i1 l i~ l= ;2  Z Z Z C Z ,  +he nronosed - - method r e q u i r e s  a  
g r e a t  number of c a l c u l a t i o n s  znd, i n  p r a c t i c e ,  can be accomplished 
only w i t h  t h e  a i d  of a  d i g i t a l  computer. The program compiled f o r  
t h i s  purpose was compiled according  t o  t h e  block p r i n c i p l e .  Its 
core  i s  comp~sed  of  a b lock  of s e a r c h  f o r  t h e  v a l j ~ e s  of parameters  
corresponding t o  t h e  minimum va lue  of t h e  r e l a t i v e  r o o t  mean devia-  
t i o n .  The Hook-Jivs a lgo r i thm [4] was pu t  i n t o  p r a c t i c e  i n  t h i s  
program f o r  t h e  s e a r c h  f o r  t h e  extreme i n  narrow r a v i n e s  cn t h e  
responsz  s u r f a c e .  The a lgor i thm o p e r a t e s  i n  t h e  fo l lowing  manner. 
I n 4 t i a l l y ,  we c a l c u l a t e  energy den;ity va lues  a t  a s s i g ~ e d  i n i t i a l  
vaAues of  t h e  parcmeters ,  and we c a l c u l a t e  t h e  v a l u e  of t h e  r e l s -  
t i v e  r o o t  mean d e v i a t i o n .  Then, on each of  t h e  parameters  i n  t u r n ,  
we c a r r y  out t e s t  s t e p s  bxi i n  A r e c t i o n s  l e a d i n g  t o  a dec rease  i n  
t h i s  d e v i a t i o n .  Assuming t h a t  t h e  s e a r c h  d i r e c t i o n  found remains 
unchanged, we s imul taneous ly  change a l l  t h e  parameters  by t h e  va lue  
{Axij. We f i n d  t h e  components o f  t h e  increment Axi a f t e r  t h e  k-th 
s t e p :  



AY,, s o ,  

I AxiA t 8 .Y, . i f  t h e  t g s t  s t e p  i n  t h e  d i r e c t i o n  
6x l e a d s  t o  d e c r e a s e  i n  t h e  e r r o r ,  

l-'iA - , 
As,. 

i f  t h e  t e s t  s t e p  does  n o t  l e a d  t o  
dec rease  i n  t h e  e r r o r .  

If,  a f t e r  t h e  next  s t e p  i n  t h e  d i r e c t i o n  {AXi), t h e  va lue  of  
t h e  r e l a t i v e  r o o t  mean e r r o r  i n c r e a s e s ,  we s e t  { A X i )  = 0 and r e p e a t  
t h e  s e a r c h  process  w i t h  t h e  l ?ng th  of t h e  t e s t  s t e p  {6x ) reduced 
t o  hal.f, i n  t h i s  case .  We con t inue  ';he p rocess  u n t i l  t h e  l e n g t h  
of  t h e  t e s t  s t e p  becomes l e s s  t h a n  t h e  g iven  v a l u e  

I . eycl; over J 

I 
! F i g .  1. Block diagrm of a lgo r i thm 

f o r  s e a r c h  f o r  t h e  extreme. 
i 

A f t e r  d e t  elBmination o f  t h e  /72 
l o c a l  v i b r o a c o u s t i c  c h a r a c t e r i s -  
t i c s  of t h e  s t r u c t u r e ,  u s i n g  
rormula ( I ) ,  t h e  energy d i s t r i -  
b u t i o n  over  t h e  s t r u c t u r e  can 
be determined and t h e  con t r ibu -  
t i o n  of  t h e  v i b r a t i o n a l  energy,  
p a s s i n g  through t h e  s t r u c t u r e  b y  
va r ious  p a t h s ,  t o  t h e  t o t a l  
energy o f  a given element call 
be e s t ima ted .  
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OPTIMIZATION OF PARAMETERS OF THREE-LAYER - /73 
VIBRATION-ABSORBING STRUCTURES USING A DIGITAL COMPUTER 

T.N. Avilova 
(Moscow) 

Three-layer vibration-absorbing structures, consisting of 
metal plates with a viscous-elastic vibration-absorbing interlayer 
are more and more widely used for the damping of flexural vibra- 
tions. In connection with this, automation of the process of 
selection of the optimum parameters of such structures became 
necessary. 

The loss coefficient of the three-layer structure depends on 
a large number of parameters: thickness of the layers, the complex 
modulus of elasticity, the complex shear modulus and density of 
the vibration-absorbing material, the modulus of elasticity and 
density of the metal layers and frequencies [l]. A number of 
works [2-51 have been devoted to investigation of the effect of 
these parameters on the frequency characteristics of the loss 
coefficient of the structure. Judging by the results obtained, 
some of these parameters can be left out of consideration, as a 
consequence of the smallness of their effect on the change in 
the loss coefficient of the structure. As a consequence of the 
fact that the density of the vibration-absorbing material usually 
changes within narrow limits, the frequency characteristic of the 
loss coefficient is displaced little on the frequency scale 
because of change in density. 

Since the difference in the Poisson coefficient of vibration- 
absorbing interlayers, amounting to 0.3-0.5, ~hows up insignificantly 
on the frequency characteristic of the loss coefficient, one of the 
complex modules of the vibration absorbing layer, for example, 
Young's modulus, can be considered as a variable, considering the 
density and modulus of elasticity of the metal layers to be con- 
stant. 

In this manner, only the thickness cf the component layers, 
the complex modulus of elasticity and frequency remain variable. 

As preliminary research has shown, the dependence of the 
frequency characteristics of the loss coefficient on the variables 
enumerated is not of an experimental nature; the task of optimiza- 
tion of the structure should result, not in finding the maximum 
loss coefficient from the variables :numerated, nor should it have 
an extreme character; the task of optimization of the strsucture 
should result, not in finding the maximum loss coefficient as a 
function of the four variables mentioned above, but in determina- /74 - 
tion of the set of values of these varia~les, satisfying 
tho given conditions (loss coefficient of the btructure 0 2 0.1 



i n  t h e  frequency range  f l  < f  < f 2 ) .  

A c a l c u l a t i o n  program was compiled f o r  t h e  BESM-6 d i g i t a l  
computer (F ig .  1). 

w o n  
of q at fie- F 

end ofr. =alculation 

.FQT c a l c u l a t i o n  accord ing  
t o  t h e  program, l i m i t i n g  v a l u e s  
were ass igned  t o  t h e  parameters  
HI, H z ,  E2 and q2; d u r i n g  t h e  
c a l c u l a t i o n s ,  t h e  va lue  of  t h e  
l o s s  c o e f f i c i e n t s  a t  f r e q u e n c i e s  
fl  and f 2  were determined i n  
success ion  a t  a l l  va lues  of  t h e  
v a r i a b l e s  HI, H z ,  E2 and 172, i n  
t h e  g iven  range of va lues  wi th  
s e l e c t e d  change spac ing .  I n  t h e  
event  t h e  c o n d i t i o n  T-I = C, 1 was 
s a t i s f i e d ,  a t  f = f l  and f = f 2 ,  
t h e  parameters  of t h e  s t r u c t u r e s  
were p r i n t e d  ou t .  A nomogram i s  
p resen ted  (F ig .  2 ) ,  which i s  
p l o t t e d  from t h e  r e s u l t s  ob ta ined  
f o r  a  s t r u c t u r e  wi th  o u t e r  l a y e r s  
of  s t e e l .  The l o s s  c o e f f i c i e n t s  
and modulus o f  e l a s t i c i t y  T - I ~  and 
E2 of the m a t e r i a l  of  t h e  i n t e r -  
mediate  l a y e r  were l a i d  ou t  on 
log-log c o o r d i n a t e  axes.  The 
l i n e s  of e q u t l  t h i c k n e s s  o f  t h e  

F ig .  1.  loch diagram of program 0ut.er and i n n e r  l a y e r s  were p l o t t e d  
on t h e  nomoqram. The t h i c k n e s s e s  for  calcalation of 'ptimurn para- 
of the layers of t h e  structllre, meters  of symmetr ical  t h r e e - l a y e r  

v ib ra t ion -absorb ing  s t r u c t u r e s .  w i th  a given i n t e r m e d i a t e  l a y e r  
v i s c o u s - e l a s t i c  m a t e s i a l ,  can  be 

2 determined from t h e  nomograms. 

PC . If t h i c k n e s s e r  H 1  and H2 - /75 

06 
a r e  g iven ,  t h e  i f i t e r s e c t i o n  
p o i n t  of  t h e  cor responding  cu rves  
de termines  t h e  minimum va lue  o f  

04 t h e  l o s s  c o e f f i c i e n t  of  t h e  
m a t e r i a l  of t h e  i n n e r  l a y e r  172 

7.3 and t h e  va lue  of t h e  modulus 
of e l a s t i c i t y  E2 corresponding  
t o  I t ,  Using a  $ a t e r i a l  w i t h  a 

0.2 
1 . ~ )  ' 3 4 

l a r g e r  l o s s  c o e f f i c i e n t  as t h e  
2 ' P.lJI damping l a y e r ,  t h e  v a l u e  of 

7 - 

Fig .  2. Nomogram f o r  s t r u c t u r e  Young's modulus of t h e  i n t e r s  

; with  o u t e r  l a y e r s  of s t e e l .  mediate  l a y e r  m a t e r i a l  can be  
i v a r i e d ,  l e a v i n g  t h e  l o s s  coef-  

f i c i e n t  of t h e  s t r u c t u r e  n 
unchanged. 

7 9  



The program compiled permits similar calculations to be carried 
out for a structure with outer layers of any metal. 

The author takes the opportunity to express thanks to B.D. 
Tartakovskiy for discussion and valuable advice. 
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%$UTOMATION OF MEASUREMENT OF SPATIAL DAMPING PARAMETERS /76 
\ 

A . N .  ~ k o l ' z i n ,  A . I .  Vyalyshev, B.D. Tar takovskiy ,  and T.Y. Shmeleva -4 
(Moscow) 

I n  de te rmina t ion  o f  t h e  s p a t i a l  parameters  c h a r a c t e r i z i n g  t h e  
l o s s  o f  v i b r a t i o n a l  energy i n  v a r i o u s  s t r u c t u r e s ,  u se  of  a  t r a v e l i n g  
wave u n i t  lead&,to t h e  n e c e s s i t y  of  p rocess ing  q u i t e  a l a r g e  amount 
o f  d a t a .  1. 

A t r a v e l i n g  wave u n i t  was b u i l t ,  which pe rmi t s  i n t r o d u z t i o n  
of measurement d a t a ,  f o r  automation o f  de te rmina t ion  of t h e  neces- 
s a r y  parameters  and f o r  s i m p l i f i c a t i o n  of t h e  s t a t i s t i c a l  t r e a t -  
ment of  t h e  r e s u l t s  obta ined .  A p rocess ing  program makes i t  
poss ib le .&o o b t a i n  mean va lues  of t h e  l o s s  c o e f f i c i e n t s ,  l e n g t h s  
o f f l e x u r & ~ w a v e s  and wave p ropaga t ion  v e l o c i t i e s  f o r  a  g iven  s e t  
of  d i s c r e t e  f r equenc ies .  

The drop  i n  l e v e l  of  v i b r a t i o n a l  a c c e l e r a t i o n  i n  a  u n i t  d i s -  
t a n c e  Dl dB/m was s c l e c t e d  a s  a s p a t i a l  damping parameter  which 

an be determined.  For a f l e x u r a l w a v e  i n  a  unl-orm system, t h e  
l o s s  c o e f f i c i e n t  TI i s  connected w i t h  Dl by t h e  r e l a t i o n  

where M = I n 1 0  and X = t h e  l e n g t h  of t h e  f l e x u r a l w a v e s  i n  t h e  
system. 

I n  connect ion  wi th  t h i s ,  t h e  s tudy was c a r r i e d  out  i n  two 
s t a g e s :  de te rmina t ion  of  t h e  l e n g t h  o f  t h e  f l e x u r a l w a v e  i n  t h e  
system and de te rmina t ion  o f  t h e  v i b r - t i o n  l e v e l  drop  i n  a  u n i t  
d i s t a n c e .  

The l e n g t h  of t h e  t l e x u r a l w a v e  i s  Setermined by t h e  phase 
method. For a r e c o r d i n g  ins t rument  of l i m i t e d  gmax = 360°, t h e  
r e c o r d  of  t h e  phase o f  t r a v e l i n g  waves i s  shown i n  F ig .  1. 

D i s c r e t e  phase va lues  over  equa l  d i s t a n c e  i n t e r v a l s  A 1  a r e  
e n t e r e d  i n  t h e  d i g i t a l  computer i n  t h e  form of a  b lock  of numbers 
91, 4'2, o m . ,  To d e c r e a s e  t h e  e f f e c t  of random i n t e r f e r e n c e ,  
a t e s t  of t h e  maximum valuesof  i s  in t roduced  i n t o  t h e  program 
and a l i m i t  i s  imposed on t h e  minimum values of 4' ($min > IT).  I n  

procezz ing  t h e  d a t a ,  t h e  number n  of  i n t e r v a l s  A 1  between neighbor- 
i n g  maxima i s  determined,  which cor responds  Yo t h e  wavelength 
X = nAl and an ave rag ing  over  t h e  e n t i r e  d i s t a n c e  measured L i s  
c a r r i e d  o u t .  The maximum e r r o r  i s  determined by t h i s  method of  
c a l c u l a t i o n  of A :  



Fig .  1. 

For de te rmina t ion  of t h e  mea.n drop  i n  v i b r a t i o n  l e v e l  p e r  u n i t  /77 
of d i s t a n c e  D l ,  t h e  o b j e c t  of measurement i s  d iv ided  i n t o  equa l  
i n t e r v a l s  AL a long  i t s  l e n g t h  and m measurements a r e  c a r r i e d  out  
a t  each p o i n t  over  equa l  t ime i n t e r v a l s  A t .  A second b lcck  of  
numbers i s  e n t e r e d  i n t o  t h e  d i g i t a l  computer: 611, El$, , E l m ,  
621, 5 2 2 ,  ..., Czm, e t c .  A s  a r e s u l t  of t h e  p r o c e s s  ng, t h e  
mean change i n  l e v e l  p e r  i n t e r v a l  AL i s  determined.  

For g iven  f r e q u e n c i e s ,  t h e  va lues  of  X and D l  ob ta ined  a r e  
used i n  c a l c u l a t i o n  of by formula (1) and, f o r  d e t e r m t n a t i ~ n  
of t h e  propagat ion  r a t e  of t h e f l e x u r a l  waves, by t h e  formula 

The r e s u l t s  of t h e  measurenents a r e  reduced t )  p r i n t .  

I The r e s u l t s  of measurements of a s t e e l  rod ,  w i th  a v i b r a t i o n -  
absorb ing  cover ing  a p p l i e d ,  a r e  p resen ted  i n  t h e  t a b l e  a s  an example. 



b 
$ THE USE OF A DIGITAL COMPUTER FOR INVESTIGATION O F  i /78 f 

THE DYNAMIC CHARACTERISTICS OF A MAN WHILE PRESSING VERTICALLK ! : DOWNWARD WITH THE STRAIGHT ON THE HANDLE OF A VIBRATOR (INSTRUMENT) j 
A.I. Zazhivikhina, G.S. Rosin Aand Ye.1. Ryzhov 

(~hel~abinsk! 

The dynamic characteristics of a man werz investigated by the 
resonance method, by means of recordings of the amplitude-frequency 
characteristics of a "vibrator-straight arm-human body" system 
on a standard automatic recorder (Fi, 1). The experiments were 
carried out with a specially constructed vibrator (Fig. 2), the 

ng system of which was fastened to a bronze suspension with 
s 1 losses. Vibrations of the handle, fastened to the moving m% 
syhtem, were recorded with an accelerometer. The mass of the 
moving system m, rigidity of the suspension k and friction coef- 
ficient r of the vibrator (calibration) were determined by exact 
formulas : 

where wpl is the cyclic resonance frequency of vibration of the /7" 
unloaded vibrator, w 2 is the resonance frequency of the unloaded 
vibrator without hanile, 5 is the mass of the handle, wl(<opl) and w2(2wpl) are the frequenci s at which the resonance amplitude of 
the acceleration is reduced by half. The value of k, introduced 
in expression (3), was calculated by formula (1). Equation ( 3 )  
was solved by the method of successive approximations, with an 
accuracy of 1%. In the first approximation, it was assumed that 
oglr2/4~2 = 0. Then, the mass m was found by formula (2) .  

During the measurements, the operator pressed vertically 
downward on the vibrator handle with a straight arm. Thz dynamic 
rigidity K and the frictional coefficient R of the.man were deter- 
mined by the exact formulas: 



where 

I - I 1  2- KG, (? - -) 
r p-=-- ---- ~ i -  4 -- - i-O- t 7 ) 

''p +A& +-%+ I - - - -  1 I-2 ;;: 1 r&l rx, 

Here, up i s  t h e  c y c l i c  
r e s m a n c e  frequency of t h e  
v i b r a t o r  o s c i l l a t i o n s .  loaded - 
b?r t h e  a ~ m  of  t h e  man. w.1 

A 
( 2  and G2(>Gp) a r e  t h e  
fpequencies  a t  which t h e  

F i g .  1. Measuring u n i t  b lock  resonance  smpl i tude  of 
diagram: 1. v i b r a t o r ;  2 .  g e n e r a t o r  a c c e l e r a t i o n  of t h e  loaded 
1022; 3 .  frequency meter  F-532; v i b r a t o r  i s  decreased  b y  
4 .  acce lerometer  4332; 5. micro- h a l f ,  
phone a m p l i f i e r  2603; 6.  s t a n d a r d  
automatic  r e c o r d e r  2305; 7 .  f l e x -  Seventeen men and 18  
i b l e  s h a f t .  women were t e s t e d  dur ing  

t h e  i n v e s t i g a t i o n  of t h e  
dynamic c h a r a c t e r i s t i c s  . 
Five  t e s t s  were c a r r i e d  
ou t  w i t h  each of them: 
1. weak p r e s s u r e  on t h e  
handle (up t o  10  kg) and 
weak g rasp  of t h e  handle 
by t h e  hand; 2 .  weak p res -  
s u r e  and s t r o n g  grasp;  
3. s t r o n g  p r e s s u r e  (over  
20 kg)  and weak g rasp ;  
4 .  s t r o n g  p r e s s u r e  and 
s t r o n g  g rasp ;  5 ,  t h e  most 
convenient  p r e s s u r e  and 
g r a s p  f o r  prolonged work 
wi th  t h e  ins t rumen t .  

The r e s u l t s  of a l l  
1750 t e s t s  were c a l c u l a t e d  
by formulas  (4) - (71 ,  by 
t h e  method of  success ive  
approximations,  according  
t o  t h e  fo l lowing  a lgor i thm.  

t The va lues  of k and r 
i were c a l c u l a t e d  by t h e  i t e r a -  
i t i o n  method, by formulas  

(6) and (7).-  The i n t i a l  
F ig .  2 .  V i b r a t o r :  1. handle;  va lues  were kg = 1 and 
2 .  acce lerometer  4332; 3. diaphragm; 
4.  moving system; 5.  magnetic c i r c u i t ;  
6 .  base.  



- 
ro = 0. The i t e r a t i o n  p rocess  was t e rmina ted  upon r e a c h i n g  t h e  
c o n d i t i o n s  

- - 
The va lues  R = Kn and = r were s u b s t i t u t e d  i n  formulas 

(4) and ( 5 ) ,  and t h e n  p r i n t e d  ou! i n  t a b u l a r  form. A b lock  
diagram of  t h e  a lgo r i thm i s  shown i n  F ig .  3, 

Conversion 
%f valu_es 

L Ha - K,-1 

I 'Test of  'con- - 
d i t i o n  (8) 

r . 
Completion 

of operatLon - P r i n t o u t  . 

Fig .  Block diagram of c a l c u l a t i o n  a lgor i thm.  

The average r e s u l t s  f o r  each group o f  t e s t  s u b j e c t s  and each - /81 
group of t e s t s  a r e  prezented  i n  t h e  t a b l e .  

Groups 1 2 3 I J 

Tested -___ --..- -- - .-.---- -. - 

Men 

Analys is  of formulas  (1 ) - (7 )  showed t h a t  t h e  u s e  of a p p ~ o x i -  
mate express ions  f o r  calculation [I] l e a d s  t o  l a r g e  e r r o r s  in 
process ing  t h e  r e s u l t s .  
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DIAGNOSTICS OF SOURCES OF DISTURBANCES A N D  DISTRIBUTION OF 
VIBRATIONS OVER THE WIDTH OF A TAPE I N  TAPE-FEED MECHANISMS 

A .  -B. B. Kerlstavichyus 
(Kaunas ) 

Dis turbances  c r e a t e d  by c e r t a i n  assembl ies  and components 
of tape-i'eed mechanisms (TFM) and a c t i n g  on a moving magnetic 
t a p e  a r e  s t u d i e d .  The method, based on elements  of d i g i t a l  l o g i c ,  
i s  e s t a b l i s h e d  Sy s t r e s t - s t r a i n  diagrams of t h e  l o n g i t u d i n a l  defor -  
mations and v i b r a t i o n s  a c r o s s  t h e  width of a  magnetic t a p e  (F ig .  1). 

The method of t h e  
exper imenta l  and t h e o r e t i c a l  

P /' r e s e a r c h  i s  p resen ted .  
t / ~i 

a (I Exper in~en ta l  s t u d i e s  
I I '  
I I 

were c a r r i e d  o u t  f o r  d e t e r -  
I I minat ion of t h e  f u n c t i o n a l  

v* I I - I I 
r e l a t i o n s h i p s  of  t h e  long i -  
t u d i n a l  deformations i n  a  I I 

I I 
I I 

s e c t i o n  a f  magnetic t a p e  
I t o  t h e  m a g n i t ~ d e  of r o l l e r  

(L I T J  p l a y ,  t e n s i o n  v i b r a t i o n s ,  
r a t e  of movement end e l a s -  

J t i c i t y  of  magnetic t a p e s .  
A block-diagram of  t h e  

F i g .  1. D i s t r i b u t i o n  of deformat ions  measurements i s  shown i n  
a c r o s s  t h e  width of a  magnetic t a p e :  F i g .  2 .  
1. magnetic t a p e ;  2 .  r o l l e r ;  3. r o l l e r  
p lay  measurement sensor ;  F11 and F The p lay  of guide and - /82 
t a p e  d e f o r n a t i o n  i n  s e c t i o n s  1 and2$, i n e r t i a  r o l l e r s ,  s t r e s s  
r e s p e c t i v e l y ;  c l i  and t a p e  v i b r a t i o n s ,  r a t e  of rove-  
l eng then ing  a t  measurement p o i n t s  on ment of  t h e  t a p e  and de fo r -  
t r a c k s  1, 2 ,  3; vo mean t a p e  speed. 1 ,zt ion a t  each p o i n t  of a  

c r o s s  s e c t i o n  of magnetic 
t a p e  a r e  random i n  t h e  

assembly being s t u d i e b ;  t h e r e f o r e ,  p r o b a b i l i t y  methods and s t a t i o n a r y  
random f u n c t i o n  t h e o r y  a r e  a p p l i c a b l e  fop  f u r t h e r  s tudy  of t h e  
dynamics of t h e  system. Appropr ia te  d i g i t a l  computer a lgo r i thms  
and programs were proposed f o r  s t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  
ob ta ined .  

E s t i n a t e s  of t h e  mathematical e x p e c t a t i o n ,  d i s p e r s i o n ,  i n t e r -  
c o r r e l a t i o n  f u n c t i o n ,  energy s p e c t r a l  d e n s i t y  and d i s t r i b u t i o n  /Q 

i p a t t e r n s  of t h e  random process  v a l u e s  were c a l c u i a t e d .  5'he ampli- a 
: tude-phase-frequency c h a r a c t e r i s t i c s  and t r a n s f e r  f u n c t i o n s  of  

t h e  v a r l a b l e  l o n g i t u d i n a l  deformat ion  p rocesses  of t h e  magnetic 
t a p e ,  t h e  magr-ietic t a p e  t e n s i o n  v i b r a t i o n s  and p lay  of t h e  r o t s t i n g  
guide  afid i n e r t i a l  r o l l e r s  were de terminee  d u r i n g  v a r i o u s  modes 



of operation of the TFM, with 
I 

vari ous types of n,~gnet ic tapes. 
I 

Fig. 2, Schematic block-diagram of 
measurements for one track: 1, mag- 
netic tape; 2. roller-disturbance 
source; 3. multl-channel, two-slot 
magnetic head -- deformation meas- 
urement sensor; 4. multi-channel 
magrletic head; 5 .  magnetic tape 
tension vibration measurenient sen- 
sors; 6. roller play measurement 
sensor; 7 .  amplifiers; 8. play 
gauge; 9 .  suamation device; 10. de- 
formation gauges; ll. mu;ti- 
channel recording device; vo .  
mzan tape movement rat:; 
P1, P2 tape tenslon forces. 



ANALYSI2 OF VIBRATION CHARACTERISTICS OF THIN PLATES 
COVERED WTTH A THIK VISCOUS LAYER 

A.K. Damashyavichyus, I.Sh. Rakhmatulin, V.K. Naynis, 
and Yu.K. Konenkov 

(Kaunas ) 

d 
: L - -  certain technical problems, it is interesting to examine 

the problem of vibrations of a thin elastic plate, covered with a 
chin viscous layer of thickness H. The mathematical formulation ? 

! of the problem is the following. We look for a solution of the 5 
equation of moti~n of a layer 

> 

where 
4 

K/=a*lC? ( 1 iO [: ,+ -  , T ] , ' P ~ C ~ ) ;  K f = i p I e T :  

PO,  co, 6 ,  and n are parameters of t,he medium: density,  peed rf 
sound and viscosity coefficients, ?espectively; w is the cyclic 
i'i-2quency of the oscillations. The boundary conditions reflect 
ccntact of the viscous layer with the thin plate (or rod): 

with y = 0 

a3 , - 2  - -- - 
at 2 21 z$p -0  

@ Q  *++d.:+-),O GX,'r, 2 -  --- with y = 0 
( d i . 0 ~  dl. 4' 

In this case, we restrict ourselves to the two-dimensional case. + 
In this case, the velocity components ux and u are carried with 

Y potentials: .i, 

Solution of the problem, considering the smallness of the viscosity - /84 
coefficients, can be written in the form 



With random v ib ra t i ons  of t h e  p l a t e ,  under t h e  jnfluence of a 
uniform, s t a t i ona ry  random f i e l d  q(x, t ) ,  we obta in  t h e  fol lowing 
expression f o r  t he  s p e c t r a l  dens i ty  of i n t e n s i t y  of acce l e r a t i on  
s ( w )  
a~ 

It can be f u r t h e r  assumed t h a t ,  i n  t h e  frequency range being 
examined, t h e  s p e c t r a l  dens i ty  of t h e  ac t i on  does not  depend on 
k ,  i . e . ,  Sq = S q ( o ) .  It follows f r o m t h i s  t h a t  

s,, i~.) = B S~ (a), 

where 

For p r a c t i c a l  purposes, t h e  case whe,n a viscous l a y e r  is  r e s t r i c t e d  
t o  one s i d e  of t he  p l a t e ,  with a  t h i n  membrane on t h e  o ther ,  a l s o  
i s  of i n t e r e s t .  I n  t h i s  case,  o the r  2ondit ions 

should be 
sur face  

. .7 - -- -. .. . .. - 

taken ins tead  

U, = 0 with y  = h 

of t h e  boundary condi t ions  

u = o , u  '0 
YY x Y 

on t h e  f r e e  



DIAGNOSTICS OF THE TECHNICAL CONDITION OF ANTIFRICTION BEARINGS/~~ - t 
j: 1 

A,-E.Yu. Vitkute, V.A. Pechkis, K.M. Ragul'skis, and 
A,Yu. Yurkauskas 

(Kaunas ) 

Antifrictiorl bearings are part of various assemblies and 
mechanisms, and, in many cases, the condition of the bearings 
characterizes the entire mechanism. 

Antifriction bearings and bearing assemblies can be diagnosed 
according to various characteristics and indications. One of the 
most reliable methods of diagnosis is the condition of the bearings 
and their assemblies by the characteristics of moments of resis- 
tance to rotation. 

Under industrial conditions, it is important to know how to !! 

establish an approximate diagnosis of possible bearing deficjencies 
by thqnature of the curves of the moment of resistance to rota- 
tion. For this, it is necessary to find out the effect of individual . 
deficiencies of geometric shape, surface frequency, contamination, 
etc., on the components of the moment of resistance to rotation. 'i 

The characteristics obtained can be estimated by certain 
selected parameters or by a series of them. We present the 
following possible characteristic parameters (Fig. 1): 

+pried . 
Mean l ine  of moment 

M - constant component \ l p  
0 I t 

L Mean peak moment A Zero l ine  - 

MP Peak m-t ilpeak 

V 

Fig, 1. Example of visuallzatlon of the moment of resis- 
tance to rotation. 



1. The mean moment i n  t h e  e s t a b l i s h e d  mode -- cons tan t  com- /86 - 
ponent of t h e  moment of r e s i s t a n c e  t o  r o t a t i o n  (M,). 

2. Peak r.:oment (Mpeak ) i n  e s t a b l i s h e d  mode of opera t ion  -- 1 
t3 

t h i s  i s  t h e  maximum ins tan taneous  va lue  of t h e  moment of  r e s i s -  
t ance  t o  r o t a t i o n  encountered d u r i n g  t h e  t e s t  cyc le .  i 

1 
F 3 .  Mean peak moment i n  e s t a b l i s h e d  mode of opera t ion  -- t h i s  6 

i s  t h e  mean value  of t h e  ins tan taneous  peak values  of  t h e  moment 
f 
i 

encountered dur ing  t h e  t e s t  cyc le .  The exact  method of  determina- 
t i o n  o r  t h i s  c h a r a c t e r i s t i c  i s  t h e  c a l c u l a t i o n  of t h e  va lues  of 
each ins tan taneous  peak on t h e  recorded curve and f i n d i n g  t h e i r  

i mean value .  
h 
f 4. The frequency c h a r a c t e r i s t i c  of t h e  moment i s  determined 

b a s i c a l l y  by s p e c t r a l  a n a l y s i s ;  however, ~t can be v i s u a l l y  d e t e r -  1 mined approximately from t h e  recorded curve.  
f 

Having c h a r a c t e r i s t i c  curves  f o r  t h e  g r e a t e s t  p o s s i b l e  number 
of cases ,  methods f o r  e f f e c t i v e  i n s p e c t i o n  can be provided.  

The primary v i s u a l  i n s p e c t i o n  can be c a r r i e d  out  from t h e  
c h a r a c t e r i s t i c s  of t h e  moment of  r e s i s t a n c e  t o  r o t a t i o n  curve.  

If o t h e r  f a c t o r s  a r e  not  cons idered ,  i t  can be assumed t h a t  
t h e  c h a r a c t e r i s t i c  moment of  r e s i s t a n c e  t o  r o t a t i o n  curve i s  a  
f u n c t i o n  of t h e  bea r ing  geometry. 

The cond i t ion  of t h e  s e p a r a t o r ,  c l e a n l i n e s s  of t h e  r o l l i n g  
c o n t a c t s ,  t h e  presence of contaminat ion,  t h e  amount and type  of 
l u b r i c a n t ,  as we l l  a s  t h e  o p e r a t i o n a l  cond i t ions  of t h e  a n t i -  
f r i c t i o n  bea r ings  ( loads ,  r o t a t i o n  r a t e ,  temperature of t h e  su r -  
rounding medium and o t h e r  t h i n g s ) ,  have a g r e a t  e f f e c t  on t h e  
bea r ing  c h a r a c t e r i s t i c s .  

Representa t ive  curves a r e  p l o t t e d  i n  Fig .  2 ,  which charac- f 

t e r i z e  t h e  e f f e c t  of geometr ica l  d e v i a t i o n s ,  d e f e c t s  i n  t h e  r a c e s  I 
i. 

and deformation of t h e  r i n g s  on t h e  v a r i ~ b l e  component of t h e  i 
moment of r e s i s t a n c e  t o  r o t a t i o n ,  

The c h a r a c t e r i s t i c s  of t h e  moment of r e s i s t a n c e  t o  r o t a t i o n  f 
t a k e  on a p a r t i c u l a r l y  c h a r a c t e r i s t i c  appearance i n  t h e  presence 
of p lay ,  ovalness  o r  deformaticn of t h e  bea r ing  r a c e s .  I n  t h e s e  i 
c a ses ,  we o b t a i n  a sha rp ly  expressed periodici1;y i n  mul t ip les  of t h e  i 
r o t a t i o n s .  The moment of r e s i s t a n c e  t o  r o t a t i o n  provides  a 
s u p e r i o r  obse rva t iona l  a n a l y s i s  of t h e  c leanness  of t h e  s u r f a c e s  
o f  t h e  raceways, b a l l s  and s e p a r a t o r s ,  as w e l l  as of  a c c i d e n t a l l y  

1 
1 

encountered d e f e c t s  . 



Jamming of t h e  s e p a r a t o r  
f r e q u e n t l y  i s  d i f f i c u l t  t o  

4 d i s t j n g u i s h  from d e v i a t i o n s  - 
4 revolution 

I 1 i n  t h , s ~ r o l l i n g  c o n t a c t  geometry. 
Howerer, i n  t h e  major i ty  of 
cas l t s ,  jamming of t h e  s e p a r a t o r  
car. be i d e n t i f i e d  by t h e  random 
n a t u r e  of t h e  overshoots ,  while  
geometr ica l  dev2at ions  a r e  
almost s i n u s o i d a l  curves .  /87 

--b4: The e f f e c t  of t h e  s e p a r a t o r  
on t h e  moment of r e s i s t a n c e  

- t o  r o t a t i o n  i s  presented  i n  
revolution Fig. 3. 

One of t h e  b a s i c  causes  
f o r  t h e  genera t ion  of stresses 
i n  t h e  s e p a r a t o r ,  which cause 
i t s  d e s t r u c t i c n ,  i s  misal ign-  

I . J  ment of t h e  i n n e r  bear ing  r a c e  

31 
r e l a t i v e  t o  t h e  o u t e r  one. 

- The s t r e s s e s  can be reduced t o  
4 revolution a minimum by ensur ing  t h e  

necessary ra .d ia l  gap-between 
Fig.  2. C h a r a c t e r i s t i c s  of t h e  t h e  b a l l s  and t h e  r a c e  grooves v z r i a b l e  components of  t h e  moment tests show ~ 1 1 ,  for each 
of  r e s i s t a n c e  t o  r o t a t i o n  of  a va lue  of t h e  misalignment, t h e  

26 bearing: 1. with deformed maximum amplitude of t h e  stres o u t e r  bea r ing  r a c e s ;  2 .  w i th  de- 
formed i n n e r  bea r ing  r a c e s ;  i n  t h e  0-3000 rpm range ,  does 

3 .  with  s c r a t c h e s  i n  t h e  r a c e  of  not  depend on t h e  r o t a t i o n  
t h e  o u t e r  r i n g .  r a t e  of  a b a l l  bear- 

ing .  Curves a r e  presented  i n  
Fig .  4 ,  which show t h e  n a t u r e  

of t h e  s t r e s s e s  on t h e  s e p a r a t o r  and i n c r e a s e  i n  t h e  ampli tudes of 
t h e i r  v i b r a t i o n s ,  w i t h  i n c r e a s e  i n  angu la r  misalignment.  

A c h a r a c t e r i s t i c  t r a i t  of a d i r t y  bear ing  i s  t h e  presence of /89 
f i n e  overshoots .  To e s t a b l i s h  contaminat ion,  it i s  s u f f i c i e n t  t o  
c a r e f u l l y  c l e a n  t h e  bea r ings  and then  c a r r y  ou t  t h e  examination 
again .  

A l u b r i c a n t  u s u a l l y  causes  an i n c r e a s e  i n  t h e  cons tan t  com- 
ponents of  t h e  wment and r e d u c t i o n  i n  i t s  v a r i a b l e  p o r t i o n  (Fig.  
5). 

I n  1966, t h e  SKF Company developed an impact-impulse method 
of de terminat ion  of damage t o  bea r ings  by e l e c t r k a l  measurements 
of  t h e  high frequency v i b r a t i o n s  which always e x i s t  i n  a damaged j 
bear ing  [2 ] ,  



- 
1 revolution 

- 
revolution 

- . . --- . 
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revolution ' 

* , . . . . . .. . 

Fig .  3 .  Examples of  c h a r a c t e r i s t l . ~ ~  of  t h e  moment of 
r e s i s t a n c e  t o  r o t a t i o n  i n  t h e  p re sence  of s e p a r a t o r  
d e f e c t s  ( t y p e  26 b e a r i n g ) :  1. s e p a r a t o r  bent  i n ;  
2 .  s e p a r a t o r  deformed; 3. s l i g h t  s e p a r a t o r  jamming. 

-.-C ---I- --.C 
d 

1 revolution 

F i g .  4 .  Nature o f  s t r e s s e s  i n  t h e  s e p a r a t o r  v s .  a n g u l a r  
misalignment o f  b e a r i n g  r i n g s :  1. 0.26O; 2 .  0.39'; 
3 .  0.46O; 4 .  0.51°; 5. 0.56O; 6. 0 .6 l0 .  
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Fig. 5. Characteristics of variable 
component of the moment during various 
operational deviations (type 201 bear- 
ing): 1. with dirty bearing; 2. with 
clean, dry bearing; 3. with bearing 
lubricated with IS-45 grease. 

In examination of all 
of the characteristics pre- 
sented, account must be 
taken of the circumstance 
that, in each case, not a 
single factor, but several 
operate, and only one of 
them is predominant. 

A visual diagnosis 
always has only a preliminary 
nature, and it requires 
great specialization by the 
inspector. Therefore, other 
methods of analysis of an 
experimental inspection of 
bearings is necessary for 
an objective diagnosis. 

The purpose of inter- 
pretation of the visualized 
variable moment of resis- 
tance to rotation during 
examination is to obtain a 
judgment on the condition 
of the bearing. In the 
case of a complicated inter- 
pretation, a choice must be 
made between possible quali- 
tative bearinn conditions 
(qualitative interpretation) 

and certain unknown parameters on which this condition depends must 
be estimated. In this case, the presence of as small a random com- 
ponent as is desirable (in comparison with other determinative com- 
ponents) excludes the "null" criterion, since the difference 
between the values oro~osed by models of the experimental 
data and measured values turns out to be a random value, dif- 
ferent from zero. Any effort to construct any kind of criterion 
leads t3 the necessity for taking the probability distribution 
characteristics of the difference obtained into account. 

The interpretation can be presented in the two stages of 
synthesis of a certain "response" function A($)  in space of the 
bearing con!ition and determination of those values of the para- 
meters ; = ;, at which A(;) has a minimum (maximum). In the 
least squares case A 



where fki(z)  i s  a  t h e o r e t i c a l  f u n c t i o n  c h a r a c t e r i z i n g  p o s s i h l e  
cond i t ions  and U k i  i s  t h e  experimental  d a t a .  

Here, t h e  e n t i r e  s e r i e s  of obse rva t ions  i s  div ided i n t o  /91 
i n d i v i d u a l  roups ,  which a r e  numbered by t h e  s u b s c r i p t  k (k = 0, 
f l ,  ..., *KT, SO t h a t  any p a i r  of obse rva t ions  t aken  from d i f -  
f e r e n t  groups can be considered s t a t i s t i c a l l y  independent.  A t  
t h e  same t ime,  obse rva t ions  included i n  any k-th group a r e  cor- 
r e l a t i v e l y  connected t o g e t h e r .  The s u b s c r i p t  des igna tes  t h e  
obse rva t ion  number wi th in  t h e  k group, f o r  example, t h e  group of 
v i s u a l i z a t i o n s  of t h e  v a r i a b l e  moment of r e s i s t a n c e  of  a  bea r ing  
wi th  a  deformed s e p a r a t o r  ( r a c e ) ,  clogged up w i t h  sandy d u s t ,  e t c .  

The task c o n s i s t s  of de terminat ion  of t h e  optimum procedure 
f o r  s e l e c t i n g  among p o s s i b l e  cond i t ions ,  according t o  a  given 
v i s u a l i z a t i o n  of  t h e  obse rva t ions .  I n  o r d e r  t o  guarantee  t h e  
p o t e n t i a l  p o s s i b i l i t y  of o b t a i n i n g  t h e  maximum e f f e c t i v e  r e s u l t  
of t h e  l'responsel' func t ion ,  it i s  d e s i r a b l e  t o  s e l e c t  p r o b a b i l i t y  
cond i t ions  ~ ~ ( 8 )  f o r  p o s s i b l e  s t a t e s  n = 0 ,  1, 2 ,  ..., N. They 
can be determined a f t e r  o b t a i n i n g  experimental  va lues  of  Uki .  

We o b t a i n  t h e  p r o b a b i l i t y  d e n s i t y  ~ ( 8 )  of appear? .ce of 
given vec to r s  Uk(k = 0, '1, ..., f K ) ,  a s  a r e s u l t  of experiment,  
according t o  t h e  Beyes formula: 

1 P. (n )  = ---- . 
P (L') ~ ( n ) . p . ( Z ) .  

Here, P (n )  i s  $he a  p r i o r i  p r o b a b i l i t y  of  each of t h e  p o s s i b l e  
s t a t e s  and P , ( ~ )  i s  t h e  c o n d i t i o n a l  p r o b a b i l i t y  d i s t r i b u t i o n  
d e n s i t y  of t h e  exper imenta l  d a t a ,  i n  t h e  absence of one of t h e  
p o s s i b l e  s t a t e s  of t h e  bea r ing  being examined. These d e n s i t i e s  
a r e  determined according t o  t h e  ass igned model of  t h e  exper i -  
mental m a t e r i a l ,  by use of known p r o b a b i l i t y  theory  r e l a t i o n -  
s h i p s ,  and we cons ide r  them a s  f u n c t i 3 n s  of t h e  bea r ing  c o n d i t i o n  
f o r  a given s e t  of  experimental  va lues ,  i . e . ,  we have l i k e l i h o o d  
func t ions .  I n  t h e  case  of a pure ly  q u a l i t a t i v e  i n t e r p r e t a t i o n ,  
t h e  l i k e l i h o o d  f u n c t i o n  i s  a  d i s c r e t e  s e t  of  numbers ( l i k e l i h o o d  
c o e f f i c i e n t s ) ,  c h a r a c t e ~ i z i n g  t h e  i n d i v i d u a l  cond i t ions .  

I n  p r a c t i c a l  use  of t h e  theory  s e t  f o r t h ,  we determine N 
values  of Xv (V a 1, 2,  ,.,, N) of t h e  logar i thms of t h e  r a t i o s  
of  t h e  a p o s t e r i o r i  p r o b a b i l i t i e s  



and we select that state of the object for which the value A" is /92 
at a maximum and is ~ositlve. If all values of A, (v - 1, 2, ..., 
N) are negative, we select the condition at which n * 0. 

We note that determination of the condition of the bearing 
being examined is made, not only on the basis of information 
obtained during processing of the assigned visualizations of the 
variable moment of resistance, but with conside~ation of previously 
existing a priori conceptions of these conditions, which are com- 
plicated as a result of processing the data of preceding tests. 
In this case, a nonrandom term, taking the a priori probability 
distributions into account, is added to expression (1) for 
determination of A,: 

All results concerning the specifications of the solution and 
evaluations of the effectiveness of the qualitative interpretation 
remain in force. 

The maximum probability method leads to asymptotic, unskewed, 
effective and normal estimates [ 4 ] .  Their effectiveness is deter- 
mined by the covariance matrix B: 

where s is the number of states. 

The diagonal elements of the matrix are the values of the 
dispersion of the corresponding estimates, anc! the nondiagonal 
ones are the correlation coefficients of the connections between 
the estimates. They must be taken into account in those cases 
when, for one and the same experimental material, we estimate 
somewhat different bearing conditions. The necessity for taking 
account of the connections between the estimates (and conditions) 
comes down to a requirement for unified variation of the para- 
meters in searching for the maximum of the likelihood function. 
In selection of the observation system parameters, it must be 
considered that it depends essentially on the expected quali- 
tative conditions of the bearings, on the properties of the 
random components and on the number and expected values of the 
parameter vectors, since the observations selected must ensure 
the production of the necessary information on the bearing con- 
ditions sought. 

The following group of bearings was chosen: with scratches 
on the outer race 1, with deformed separators and lubricated 2 ,  



$ 
l u b r i c a t e d  wi th  IS-45 l u b r i c a n t  3 ,  l u b r i c a t e d  and d i r t y  4 ,  d ry  5 ,  i3 : 
wi th  deformed r a c e s  and l u b r i c a t e d  6 ,  d ry ,  wi th  deformed s e p a r a t o r  - /93 1 4. 7 ,  w i th  p l ay  8 ,  clogged w i t h  sandy d u s t  9 and wi th  deformed o u t e r  'yi % : . 
r a c e s  10.  .+ . 

1 ; : 
The mean num5er of  overshoots  bf:yond a  s p e c i f i e d  l e v e l  A i  3 :  

(1 = 1, 2 ,  ..., N) d u r i n g  20 revolu t lo i la  i s  used a s  t h e  parameters ,  
according  t o  which de te rmina t ion  of t h e  q u a l i t a t i v e  i n t e r p r e t a t i o n  
of t h e  c o n d i t i o n  i s  c a r r i e d  o u t .  The r e s u l t s  o f  such an i n v e s t i -  
g a t i o n  f o r  c l a s s  201 C bea r ings  a r e  p ~ e s e n t e d  i n  t h e  t a b l e .  

i 

Bearing . - -- - - - . - -~ -. Parameters . . - . .- -. 

A, A2 A, A, AS .% A: A, A ,  A,, All  A,, A,, 

We n o t e  tha t  t h e  c r i t e r i a  o f  comparison of  t h e  means and 
d i s p e r s i o n  of t h e  numbers of  ove r shoo t s ,  as i n  a d i s p e r s i o n  a n a l y s i s ,  
can be used f o r  making a d e c i s i o n  as t o  t h e  bea r ing  c o n d i t i o n .  
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DIAGNOSTICS OF THE VIBRATIONS OF COMPLEX ROTOR SYSTEMS /94 
I.Yu. Yugraytis ,  K.M. Ragul ' sk is ,  Rem.A. Ionushas, and 

I.P. Karuzhene 
(Kaunas ) 

It i s  adv i sab le  t o  e s t a b l i s h  an a n a l y t i c a l  connect ion between 
t h e  v i b r a t i o n  parameters  and t h e  parameters  of  t h e  unbalanced con- 
d i t i o n  of t h e  s y s t e n  f o r  an  e v a l u a t i o n  of t h e  v i b r c t i o n s  of  a  
r o t o r  system. 

Let us  assume t h a t  a  system, with n r o t o r s ,  arranged i n  p a r a l l e l  
and r o t a t i n g  wi th  d i f f e r e n t  angular  v e l o c i t i e s ,  has s i x  degrees  of 
freedom. Let us examine t h e  movement of t h e  system under t h e  a c t i o n  
of unbalanced masses of t h e  1- th  ro to2 .  Let us  cons ide r  t h a t  t h e  
unbalanced s t a t e  of t h e  1'0th r o t o r  i s  c h a r a c t e r i z e d  by t h r e e  para- 
meters ( s e e  Fig .  1, where C i s  t h e  c e n t e r  of mass of t h e  system, 
and 6 ,  n and a a r e  t h e  coord ina tes  of t h e  system c e n t e r  of mass: 
by t h e  unbalanced masses i n  two planes  of c o r r e c t i o n s  m l i  and m 2 i  
and a.ngle a between them. 



I n  t h e  g e n e r a l  c a s e ,  a system of  s i x  n o n l i n e a r  d i f f e - e n t i a l  /95 
e q u a t i o n s  cannot  be so lved  a n a l y t i c a l l y .  The re fo re ,  l o c a t i n g  t h e  
e l a s i ; i c  e lements  of t h e  system suspens ion  i n  an a p p r o p r i a t e  manner, 
assuming t h a t  t h e  o r i g i n  o f  t h e  c o o r d i n a t e s  of  t h e  a x e s  c o i n c i d e s  
w i th  t h e  c e n t e r  of mass of t h e  system,  and o m i t t i n g  t h e  terms o f  
t h e  second o r d e r  of sma l lnes s  as w e l l ,  we o b t a i n  a  system of  d i f -  
f e r e n t i a l  e q u a t i o n s  i n  a  s i m p l e r  form: 

ki - p i  2 ,- - Y',, + p:. Xo, = [d,, cos w, t + dl, cos (a, t + a,)] ~f 

C'i-pf s: .~ ' , ,+~ f .  Y0,=O 

zo, + p i .  Zoi = [dl ,  - sin a, r - d:, sin I (4 t + a,)] 0; 

= [ - d,, I,, cos (a, t + a,) + dl, /,, cos o ,  t ]  o? i 6 )  

Equat ions  ( 3 )  and ( 6 )  arcv ..-ot connected w i t h  t h e  remain ing  
equa t ions .  It f o l l c w s  from t h i s  t h a t  s o l u t i o n  of  t h e  problem 
g iven  can  be r e s t r i c t e d  t o  S o l u t i o n  of  on ly  t h e s e  two e q u a t i o ~ ~ s ,  
and t h a t  t h e  phase s h i f t  between t h e  c o o r d i n a t e s  Z and Y Z i  cen 
be used.  

The ampl i tude  of t h e  v i b r a t i o n s  o f  t h e  system under  t h e  a c t i o n  
o f  t h e  unbalanced c o n d i t i o n  of t h e  1 - th  r o t o r  w i l l  b e  

1% = v: (dy, + <, + Ld,, d, cos a,) 

i.i., = vY' ( d ,  I f ,  + 4, I$, - 2dti dU 1,' 1, cos u,) 

1 where : 
t X and Xyi a r e  t h e  system v i b r a t i o n  ampl i tudes  i n  t h e  d i r e c t i o n  
i o f i t h e  z a x i s  and around t h e  oz a x i s ;  v Z ,  vy a r e  t h e  dynamic coef -  

f i c i e n t s  of  t h e  system; d l 1  and dzi are t h e  s p e c i f i c  d i s b a l a n c e s  
i n  t h e  c o r r e c t i o n  p l a n e s ;  

MO i s  t h e  system mass; and R1 i s  t h e  r a d i u s  of  t h e  unbalanced 
mass from t h e  a x i s  of  r o t a t i o n  o f  t h e  1-tb r o t o r .  



The phase s h i f t  between 2% and Y q i  i s  determined by t h i s  
r e i a t  ion: 

Subsequently, we assume t h a t  

Then, solving t h e  t ranscendental  equations (7, 8, g ) ,  w e  
obta in  t h e  parameters of t h e  unbalanced condi t ion of t h e  i - th  r o t o r :  

d,' = 1: DLi .  
._ . _ _- I--- ------ 

i,, ).,, sin AI. v, . uy. 

cos = 
DII. Dti 

I n  t h i s  manner, under spec i f ied  c o n d i t i s ~ s ,  t h e  parameters of 
t h e  Imbalance of a complex r o t o r  system, having n p a r a l l e l  r o t o r s  
and having s i x  degrees of freedom, can be determined from the 
parameters of t h e  v ib ra t ions  of two appropr ia te  degrees of 
freedom, This considerably s imp l i f i e s  diagnost ics  of the  vibra-  
t i o n s  of complex r o t o r  systems. 



t 
DIAGNOSTICS OF LOAD VIBRATIONS AT THE INLET OF A MECHANISM 1 

V.P. Dontsu, Z.T. Dontsu, K.M. Ragul'skis, and N.M. Savka 
51 f 

(Kaunas, Kishinyev) < 
I 

One of the problems of investigation of the dynamics of a 
mechanisn is a study of the forces of resistance to rotation 
during the operating cycle. Knowledge of the forces of resistance 
to rotation permits selection of the most economical mode of 
operation of the mechanism, and provision of stable and prolonged /97 - i 
operation of the unit at a given level in automatic control systems. 

The torque on the drive shaft was studied, during steady move- 
ment af a precision tape-feed mechanism (TFM), used in precise 
magnetic recording devices. The visualizations obtained were con- 1 

sidered as dynamic characteristics of a mechanism, subject to 
ran&m actions, the complete investigation of which can only be 
carried out by statistical methods. 

An oscillcgram of the torque 
on a TFM drive shaft, with an end- 
less spool of magnetic tape, is 

+-,,-L , ) , , , , I .  v . . ,  , , , , ,  ;. * !  i , .  * a t 4  
presented in Fig. 1. The stages 

LC.- t i  ,,c-.--.-- ..------. of the operating cycle are visible 
on the os?illogram. There is no 

- - -  . - . - -  - . . 

evident periodicity here, and the = general appearance of the vibra- 
-.....UI 

tions during steady movement 
remains unchanged during the obser- 
vation period; therefore, it is 
referred to the stationary random 
processes class. 

Fig. 1. Torque oscillogram. 
1.-Starting; 2. steady movement; 
3. running down. 

7 

Fig. 2.. Spectral densities Mt with various values of the P ' 
9 

inertial mass on the drive sha t: 1. with pulley; 2. without 
pulley. f 

103 

i 

1 - . . . . -. .- 
p--- 

% ,  
I, A 



The s p e c t r a l  d e n s i t i e s  a r e  shown i n  Fig .  2.  Curve 1 cor- 
responas t o  t h e  t o r q u e  of t h e  system wi th  an i n e r t i a l  d i s k  and 
curve 2, without d i s k .  It i s  ev iden t  t h a t  t h e  to rque  reaches  t h e  /98 .A 
g r e a t e s t  amplitude f o r  a system wi th  i n e r t i a l  d i s k  a t  f r equenc ies  
of about 15.5 and 41 Hz and f o r  a system without i n e r t i a l  d i s k ,  
a t  f r equenc ies  of  17 .5  and 41.5 Hz. The peak values  of t h e  ampli- 
tude  a r e  reached a t  f requenc ies  of  15 .5  and 17.5 Hz. These f re -  .f \ 1 

quencies a r e  c l o s e  t o  t h e  d r i v e  s h a f t  r o t a t i o n  r a t e  (n = 20 r e v / s e c j  3 ,  

and, a s  i n v e s t i g a t i o n  has shown, a r e  l o c a t e d  c l o s e  t o  t h e  n a t u r a l  
frequency of  t h e  sys tem fn  = 16.5 Hz, which l e a d s  t o  resonance. .j - % 

3 ,? 

The p r i n c i p a l  source  of  d i s t u r b i n g  f o r c e s  i s  t h e  d r i v e  shaft ,  f -. 
s i n c e  t h e  r o t a t i o n  r a t e s  of a l l  remaining elements a r e  f a r  d i f -  : 

f e r e n t  from t h e  resonance peak frequency. The most probable f 
cause of  t h e  d i s t u r b a n c e  i s  r a d i a l  p lay  of  t h e  d r i v e  shaft .  I 

Another peak i s  l o c a t e d  i n  t h e  41-42 Hz frequency range.  The i ; 
reason f o r  formation of  t h i s  peak probably i s  t h e  r e s u l t  of t h e  
e f f e c t  o f  t h e  f i r s t  resonance peak and v i b r a t i n g  p a r t s  o f  t h e  TFM. ! .  

The e f f e c t  of  an i n e r t i a l  d i s k  on t h e  system dynamics i s  
c l e a r  from t h e  graph ( i t  shows up more i n  t h e  low frequency spec- 
t rum).  The low frequency resonance peaks a r e  d i s p l a c e d  w i t h  
r e s p e c t  t o  one ano the r  and, a s  should be expected,  t h e  system 
without  i n e r t i a l  d i s k  (curve 2 )  r eaches  a peak value  a t  a h igher  
frequency t h a n  t h e  system with an i n e r t i a l  d i s k  (curve 1). How- 
ever ,  t h i s  s h i f t  i s  i n s i g n i f i c a n t ,  s i n c e  i t s  e f f e c t  on t h e  ampli- 

: I 

tude  of  t h e  resonance peaks i s  n e g l i g i b l e .  It fo l lows from t h i s  
t h a t  change i n  t h e  spectrum of  l o c a t i o n  of  resonance peaks by 
i n c r e a s e  i n  mass of t h e  i n e r t i a l  d i s k  i s  i n e f f e c t i v e .  



INVESTIGATTON OF VIBRATIONS OF WORKTNG ELEMENTS 
OF A TWO-COORDINATE SCANNER 

K.L. Kumpikas 
(Kaunas ) 

Vibrations of the working elements of a two-coordinate, optical- 
mechanical scanner (OMS) were studied experimentally. 

The working elements of the OMS are a scanning disk and a data 1 
storage board, kinematically connected to it (Fig. 1). An increase I 

in the kinematic and dynamic precision of movement of the working 
elemendt;s makes it possible to createanOMS with a high information 
recording density per unit area of data storage. 

The purpose of this work is the experimental determination of /99 
the nature and magnitude of vibrations of OMS working elements, 
statistical processing of the experimental data, determination of 
the basic sources of excitation of the vibrations and the provision 
of recommendations for reduction in the vibration level of the 
device. 

The measurement scheme is presented in Fig. 1. 

Fig. 1. Scheme for measure- 
ment of vibrations of OMS 
working elements: 1. scanning 
disk; 2,4,5,7. KD-21 accelera- 
tion sensors; 3. data storage 
board; 6. WlOZ inductive dis- 
placement sensor; 7. KWS/T-5 
vibration measurement apparatus; 
9 .  SDM-132 vibration meter; 
10. H105 loop oscillograph; 
11. 51E01 vibration measurement i 
apparatus; 12. type 9051D0074 
torsion vibration sensor; ! 

13. BE-5-2 vibration measure- 
ment apparatus; 14, 15, 16. 1 1 
capacitance displacement d i 
sens~ps of BE-5-2 vibration 1 
measurement apparatus; 1 

f 
17, WIT inductive displace- j 
ment sensor, i 



Radial and axial vibratione of the disk were measured by no- 
contact capacitance sensors, with appropriate amplifying apparatus. 1 

The behavior of the data storage board was investigated simul- , , 

taneously with the disk vibrations. The torsion vibrations of the 
scanning disk shaft also w c ~ e  investigated. 

All measurements were carried out simultaneously, and they - /I00 , 

were recorded by the loop oscillograph. 

The oscillograms obtained are considered as visualizations of 
stationary, random, ergodic processes. To obtain the statis- 
tical characteristics of these processes by digital computer, the 
visualizations were replaced by a finite number of random process 
ordinates, corresponding to discrete, uniformly spaced moments of 
time. The curves were sampled and then statistically processed by 
digits1 computer. As a result of the processing, correlation 
functions and spectral densities of the vibrations of OMS working 
elements were obtained. The transfer functions between the 
vibrations of the scanning disk and the board also were determined. 

Analysis of the results of the statistical processing of the 
experimental data permitted the sources of excitation of the vibra- 
tions of OMS working elements to be revealed, the effect of torsion 
vibrations of the disk om the data storage board to be determined, 
the possibility of use of the OMS created for recording and count- 
ing data to be evaluated, recommendations to be given on 
the reduction in vibration level, and recommendations to be given 
for design of new OMS, providing an information recording density 
of up to 4.106 million bits of information per cm2 of data 
storage. 



A METHOD OF DIAGNOSTICS OF THE DYNAMIC STABILITY 
OF THE CARRIER IN A MAGdETIC RECORDING-PLAYBACK CIRCUIT 

G.A. Petrulis and I. Gasyunas 
(Kaunas ) 

R 

The dynamic stability of the carrier in the magnetic recording- 
playback circuit of a multi-cassette tape-feed mechanism ( T F M )  , 
a simplified diagram of which is shown in Fig. 1, was investigated. 
It was shown that, under spezified conditions, transverse carrier 
vibrations can be excited, as a result of direct excitation, due 
to eccentricity of the drive elements or due to parametric excita- 
tion, as a consequence of periodic fluctuation in carrier tension. 
The transverse vibrations cause periodic, longitudinal displace- 

i ments of the moving end of the carrier, located in the region of 
the magnetic head slot, which leads to stray frequency modulation 

i of the output signal. 
i 

Assuming that the - /lo1 
carrier, a flexible, uni- 
form magnetic tape, is 

f subjected to the action of 
periodically changing tension 
during longitudinal movement 
with velocity vo, we write 
the equation for the trans- 
verse vibrations of the mag- 
netic tape, taking account 
of the damping coefficient , 
in the form 

Fig. 1. Simplified diagram of 
multi-cassette TFM recording-play- 
back circuit: 1. left pneumatic 
assembly (turned on); 2. drive shaft; 
3, intermediate roller; 4. left cas- 
sette roller; 5. magnetic head; 
6, magnetic tape tightening roller; 
7. right cassette roller; 8. mag- 
netic tape; 1, 12 vibrattng portions 
of magnetic tape; 1 length of cir- 
cuit; y direction of transverse 
vibrations of magnetic tape; vo 
rate of movement of tape, 

where p(t) = po+ptcos@t is 5 

the tape tension exciting 
fluctuation; vo is.the speed 
of movement of the magnetic 
tape; y is the damping coef- 
ficient; and m is the mass 
of the vibrating section of j 
magnetic tape. I 

Taking the limiting 
conditions into account (y - , 
= 0 at x 0 and x - 11), 
after transformations, we I 

write Eq. (1) In the form f 
i 



of a  modified Mathleu-Hill  equat ion:  

J 

where A ,  1 P i s  t h e  n a t u r a l  v i b r a t i o n  frequency of  t h e  c a r r i e r ; / l 0 2 ;  - 
##I 

;A = P d  i s  t h e  e x c i t i n g  c o e f f i c i e n t ;  and 
PI 

I, i s  t h e  l e n g t h  of t h e  magnetic t a p e  segment. 
K = 1, 2 ,  3, .... 1 

.: 

With s p e c i f i e d  r a t i o s  of  t h e  c o e f f i c i e n t s  Q, p and 0 ,  E q .  ( 2 )  
has  an  unbounded, i n c r e a s i n g  s o l u t i o n ,  wi th  p e r i o d s  T and 2T, 
d e f i n i n g  t h e  dynamic i n s t a b i l i t y  r eg ion .  f 

The second, f o u r t h ,  s i x t h  and e i g h t h  r e g i o n s  of  dynamic in-  - a  / l o 3  ; 
s t a b i l i t y  of  t h e  c a r r i e r ,  obta ined exper imenta l ly ,  d u r i n g  move- 
ment of t h e  c a r r i e r  a t  a  speed of 4.76 cm/sec and i n  t h e  s t a t i c  
s t a t e ,  a r e  r e p r e s e n t e d  i n  F i g .  2 .  Broadening of  t h e  dynamic 
i n s t a b i l i t y  r e g i o n s  i s  ot lserved d u r i n g  movement of t h e  c a r r i e r .  
It i s  noted t h a t  t h e  pa ramet r i c  t r a n s v e r s e  v i b r a t i o n s  of  t h e  
magnetic t a p e  s e c t i o n  a r i s e  a t  f r equenc ies  of t h e  e x c i t i n g  changes 
i n  t a p e  t e n s i o n ,  a t  even numbers of t imes  lower than  t h e  n a t u r a l  
v i b r a t i o n  frequency,  i . e . ,  t h e  boundaries  of t h e  dynamic i n s t a b i l i t y  , 

r e g i o n s  a r e  l o c a t e d  c l o s e  t o  f r e q u e n c i e s  determined by t h e  formula 

where K = 2 ,  4 ,  6, ... i s  t h e  i n s t a b i l i t y  r eg ion  o r d e r  number. 
5 

The i n t e n s i t y  of  t h e  t ~ ~ a n s v e r s e  v i b r a t i o n s ,  t a k i n g  p l a c e  w i t h  
t h e  f requenc ies  of  t h e  extez'nal f o r c e s ,  i n c r e a s e s c o n s i d e r a b l y ,  i n  
p r o p o r t i o n  t o  approach t o  t h e  frequency O = R ,  and t h e  
frequency range i s  wider t h a n  t h a t  c a l c u l a t e d  t h e o r e t i c a l l y .  

i 
i 

Thus, d i a g n o s t i c s  of t h e  c a r r i e r  behavior  i n  t h e  record ing-  
playback c i r c u i t ,  by p l o t t i n g  r e g i o n s  of  dynamic i n s t a b i l i t y ,  
according t o  a g iven c a r r i e r  t e n s i o n  f l u c t u a t i o n  spectrum, pe rmi t s  
t h e  genera t ion  of t r a n s v e r s e  v i b r a t i o n s  t o  bc e l imina ted  c f f e c t i v c l y  j 
b y  a choice  of t h e  l e n g t h  o f  t h e  f r e e  s e c t i o n s  of t a p e .  i 

i 
f 

i 



Fig. 2.  Graph of a dynamic s t a b i l i t y  
of magnetic tape i n  the  recording-, 
playback c i r c u i t  a t  y - 0,.018 N-sec/m, 
l1 = O.i8 m, p = 1 N: -0-0- region 
boundaries during magnetic tape move- 

.nent  at a speed v = 4.76 cm/sec; 
ox-x- region boun arles i n  the  s t a t l c  8 
s t a t e  of the magnetic tape,  



COMPUTER DIAGNOSTICS OF SHOCK PROCESSES ! 
A*-A.P. Lauru t i s ,  B.V. Rudga l tv i s  

(Kaunas ) 

The vigorous development of  modern technology and automation 
of s c i e n t i f i c  r e s e a r c h  and product ion  processes  r e q u i r e s  more and 
more r e l i a b l e  opera t ion  of elements of c o n t r o l ,  r e g u l a t i o n ,  auto- 
mation and computer technology systems, i n  p a r t i c u l a r ,  p r e c i s i o n  
appara tus  when ac ted  on by e x t e r n a l  mechanical over loads  (shocks, 

f 
I v i b r a t i o n s ,  l i n e a r  a c c e l e r a t i o n s ) .  For s u c c e s s f u l  c o n t r o l  of  t h e s e  
i phenomena, as w e l l  as f o r  i n c r e a s e  i n  v i b r a t i o n  and shock s t r e n g t h  
i of appara tus ,  a deep understanding of t h e  dynamics o f  t h e  overloads 
F mentioned i s  necessary .  The most dangerous of a l l  p o s s i b l e  shock 
i processes  i n  t h i s  regard  a r e  impulsee, which, a s  a r u l e ,  have com- 

i plex  forms, wide-band s p e c t r a  and n e g l i g i b l e  d u r a t i o n .  Such pro- 
cesses  do not  y i e l d  t o  mathematical desc r ip t io l l ;  consequently,  / l o 4  
t h e i r  phys ica l  a c t i o n  on va r ious  microelements of p r e o i s i o n  r a d i o  
measurement appara tus  cannot be determined by t h i s  means. The 
s p e c t r a l  c h a r a c t e r i s t i c s  of complex impulse processes  can be 

1 determined by v i s u a l i z a t i o n  of t h e  a n a l y s i s  of t k e i r  scanned 
! 
i 

osci l lograms,  obta ined by means of a high-speed recorder .  

The ER-2 wide-spectrum 
d a t a ,  cathode ray  e l e c t r o s t a t i c  
r ecorder ,  a block diagram and out -  
ward appearance of which are shown 
i n  F igs .  1 and 2 ,  was s p e c i a l l y  
developed f o r  t h i s .  S p e c i a l  ! 

a t t e n t i o n  was given t o  p r e c i s i o n  -------- i n  r ecord ing  and t h e  q u a l i t y  of 
t h e  v i s u a l  image i n  development 
of t h e  r ecorder ,  s i n c e  they funda- 
mental ly determine t h e  p r e c i s i o n  I 

of an experiment.  f i 

t 
Eigh q u a l i t y  of  t h e  v i s u a l  I 

1 
image i s  guaranteed by a s p e c i a l l y  6 

developed dynamic b i a s  l i g h t i n g  5 
Fig .  1. Block diagram of ER-2 system. High frequency genera to r  D 

I 
cathode ray  e l e c t r o s t a t i c  1 i s  connected wi th  a dev ice  f o r  a 
r e c o r d e r  f i x i n g  t h e  d u r a t i o n  of r ecord ing  2 

and modulator 3 ,  which, I n  t u r n ,  
i s  connected wi th  d i f f e r e n t i a t i n g  a n ~ p l i f i e r  4 and, through high- 
frequency, high-voltage d i v i d i n g  t r ans fo rmer  5, d e t e c t o r  6 and 
video a m p l i f i e r  7 ,  i s  connected t o  t h e  cathode assembly of t h e  
cathode ray  tube  of e l e c t r o s t a t i c  r e c o r d e r  8, whlch i s  under 
high v o l t a g e  from source  9 ,  Recorded s i g n a l  a m p l i f i e r  10 ,  con- 
nected  wi th  d e f l e c t i o n  system 11 and d i f f e r e n t i a t i n g  a m p l i f i e r  4 ,  
a l s o  is  connected t o  t h e  device  f o r  f i x i n g  t h e  record ing  d u r a t i o n  2 



and time mark unit 12, Tn this manner, the signal being studied 
acts directly on the deflectfon of the recording tube beam and /lo5 - 
the beam current increases to the necessary value, at the moment 

4 and for the duration of recording, and it is recorded as a function 
of the speed with ~hich the recorded process takes place, Uniform 
thickness of the lines of the visual Image is guaranteed by this, I 

5 

over a wide speed range of rapidly-changing data. Simul- 1 
taneous recording of the zero line and time mark (or sampling : 

spacing) facilitates the elimination of.amplitude and time dis- g 

tortions, which appear, due to vibration of the mechanical scanner a I 
assembly. This is especially important in study of the dynamics 
of precision systems. 

The technical charac- 
teristics of the instrument 
are: maximum recording speed 
2000 m/sec; data 
carrier feed speed 
up to 100 m/sec; recorded 
signal frequecay range 0-50 
kHz; maximum image sweep 
100 mm; nonuniformity in 
line thickness, not more 
than 5% during measurement 
of the speed of flow of a 
process 100 times; recorded 
signal duration 0 0004-20 sec ; 
time for production of visual 

Fig. 2. External appearance of ER-2 image 60 sec. + 
electrostatic recorder. I 1 

The visualization of the pulse of an impact stand, obtained % 

by means of this recorder, was processed by a Silhouette type i 

automatic sampler and entered into the Minsk computer, for analysis 
according to the method presented. 

In this case, the most important parameters are the complex /lo6 4 
spectral density of the shock pulse, energy spectrum, effective - * 4 
pulse duration and effective spectrum width, respectively: 8 



*A r x 

A.f= [ [S(o)p do-  r [ [S (o)p  do. 
0 1. 

e is the fraction of the total pulse energy arriving during an 
interval of time. 

An analysis was made of the spectral density and energy 
spectrum as functions of the impact force, design of the stand 
and energy absorbed by the lining, rigidity of the base, etc. 
In this case, the solution was carried out according to these 
mechanical equations: 

h'. 
2 

bk= , , , r  f f iAt r )  sin k o , i .  
I 

! % At, is the sampling interval in sec and k = 50 ... 30,000 is the I 

frequency of the spectrum components. 1 

A fragment of a shock pulse and examples of the shock stand ! 
spectral density are shown in Fig. 3a and b. t 

I 
i 

It was determined during the investigation that shock stand /lo8 
pulses are random. ThereIore, the metkod presented is incomplete. 
The information obtained was statistically processed. 

i 



b 
Fig. 3. a: Fragment of shock stand pulse visualization. 

b: Spectral density of shock stand pulse, at various 
rigidities of the energy-absorbing lining. 



3. Khartkevich, A.A., S~ektry 1 analiz [Spectra and Analy~~is], 
State Publishing house of Technical and Theoretie-' Sl5ara- 
ture, Moscow, 1962. 
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INVESTIGATION OF NOISE I N  GEAR TRANSMISSIONS 
BY THE METHOD OF MATHEMATICAL SMOOTHINQ C? EXPERIMENTS 

B.T. S h e f t e l ' ,  G . K .  ~ i p s k i y ,  P.P. Ananov, and I . K .  Chesnenko 
(Sa ra tov)  

Much a t t e n t i o n  is being  g iven  a t  t h e  p r e s e n t  t ime i n  i n s t r u -  
ment making t o  t h e  development o f  low-noise high-speed r o t a t i o n  
d r i v e s ,  u s i n g  low-power (up t o  40 w a t t ;  c y l i n d r i c a l  r e c i ~ c e r s ,  w i th  
low module ( 0 . 1  + 0.5  mrn) s t e e l  and metallopolymer g e a r  wheels.  

The b a s i c  f a c t o r s  forming t h e  a c o u s t i c a l  spectrum o f  a r e d u c e r  
a r e  t h e  r o t a t i o n  speed and load .  The problem was posed o f  e s t a b l l 3 h -  
i n g  t h e  optimum r a t i o s  of  t h e s e  f a c t o r s ,  which gua ran tee  a g iven  
sound l e v e l  f o r  s t e e l  and metallopolymer g e a r  p a i r s .  

?he t ;berne t ic  approach was used d u r i n g  t h e  i n v e s t i g a t i o n ,  
g i v i x ~ g  a new a l g e b r a i c  d a t a  language,  ~ h i c h  p e r n i t t e d  a 
mathematical  model o f  t h e  p rocess  t o  be produced. i n  s tudy o f  
complex systems uy t h e  method of  mathematical  smooth!.ng of c x p e r i -  
ments. The r educe r  n o i s e  i ~ i v e s t i g a t i o n  was c a r r i e d  ou t  i n  an 
anechoic chamber, wi th  Erue l  and Kjaer Co. a c o u s t i c a l  appa ra tus .  
Ro ta t ab le  central-component smocthing (RCCS) was adoptzd f o r  
c a r r y i n g  ou t  t h e  experiments .  A two-factor  RCCS p lan  was p resen ted ,  
i n  t h e  form o f  a ma t r ix ,  i n  which randomized rows correspond t o  
v a r i o u s  t e s t s  and columns t o  va lues  of  t h e  f a c t o r s .  I n  compil lnq 
t h e  m a t r i c e s ,  t h e  l e v e l s  of  t h e  f a c t o r s  were coded i n  accordance / lo9  
w i t h  t h e  t a b l e  . Execut ion of  t h i s  p l a n  pe rmi t t ed  a r e g r e s s i o n  
equa t ion  t o  be ob ta ined :  

Matrix 
x, x, x, x,x: x: x: v 

Tab 1 

code n rpm mg-cm 



where Y is the experimental noise level value, Xi is the rotation 
rate, rpm, and X2 is the load. 

After statistical analysis and determination of the signifi- 
cance of the regression coefficients, a test of the adequacy of 1 

! 

the model selected was carried out. 

I As a result of canonical analysis of the regression equation, 
the following formulas were obtained. 

i 
I 
i 

Steel gear wheels: 1 i 
-- first gear frequency i i 

-- second gear frequency 

Metallopolymer gear wheels: 

-- first gear frequency 

-- second gear frequency 

Mgcn! 

r a  

The formulas obtained and 
c9 f their geometric interpretation (Figs. 

1 and 2) permit the optimum speed and 
4H load of a reducer to be determined, 

at a previously assigned sound level. 
R7 
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D.I. Yuknyus, V.N. Lukanin, and V.V. Efros  
(Kaunas ) 

An e s t i m a t e  o f  t h e  n o i s e  o f  an i n t e r n a l  combustion engine  t 4 
u s u a l l y  i s  c a r r i e d  out  on t h e  basis o f  r e s u l t s  ob ta ined  d u r i n g  f 
measurement of  t h e  n o i s e  l e v e l  a t  c e r t a i n  p o i n t s  around t h e  engine .  3 

Such a method i s  a p p l i c a b l e  f o r  an e s t i m a t i o n  of  t h e  n o i s e  charac-  
t e r i s t i c s  of  t h e  engine  o v e r a l l ,  bu t  i t  bas  low e f f e c t i v e n e s s  o r  
i s  completely i n a p p l i c a b l e  f o r  o b t a i n i n g  in fo rma t ion  on t h e  r a d i a -  
t i n g  power of i n d i v i d u a l  s u r f a c e s  o r  p a r t s  of  t h e  engine .  There- 
f g r e ,  a new method was developed,  which pe rmi t s  an e s t i m a t i o n  of  
t h e  a c o u s t i c a l  power r a d i a t e d  by a  l o c a l  s u r f a c e  of t h e  engine .  

The use  of an a c o u s t i c a l  waveguide horn,  by means of which 
t h e  a c o u s t i c a l  energy i s  removed from t h e  s u r f a c e  be ing  s t u d i e d  
and measured, l i e s  a t  t h e  base  of t h e  method. The p a t t e r n  o f  
change i n  t r a n s v e r s e  c r o s s  s e c t i o n  of  t h e  horn i s  e x p o n e n ~ i a l .  

The s t r u c t u r a l  parameters  of t h e  horn were c a l c u l a t e d  s o  t h a t  
it t r a n s m i t t e d  a l l  audio  f r e q u e n c i e s  above 37 Ez. 

The dimensions and c o n f i g u r a t i o n  of  t h e  horn i n l e t  were d e t e r -  
mined by t h e  shape of t h e  s u r f a c e  be ing  i n v e s t i g a t e d .  The dimen- 
s i o n s  of  t h e  ou tpu t  a p e r t u r e  of  t h e  horn were c o n s t a n t  ( they  
amounted t o  2 .5  x 3 m ) .  

An exper imenta l  u n i t  was b u i l t ,  which pe rmi t t ed  t h e  r a d i a t e d  
a c o u s t i c a l  power o f  any s u r f a c e  of an  engine  t o  be e s t ima ted .  

Acous t i ca l  c a l i b r a t i o n  of  t h e  horn c i r c u i t  showed t h a t  d i s -  
t o r t i o n  of  t h e  a c o u s t i c a l  energy t r a n s m i t t e d . b y  i t  was i n s i g n i f i -  
c a n t ,  and d i d  no t  exceed 1 . 5  dB over  t h e  e n t i r e  f requency range 
i n v e s t i g a t e d  (50-16,000 Hz). 



DETERMINATION OF CHANGES IN PROPERTIES 
OF RANDOM PROCESSES WITH AN ACCURACY ASSIGNED IN ADVANCE 

L.A. Tel'ksnis 
(Vil 'nyus ) 

The operation of machines and mechanisms is accompanied by 
vibroacoustic processes. These random processes can be used for 
determination of changes in the modes of operation of machines 
and mechanisms. In the solution of a number of practical problems, 
the change in properties must be determined, to an accuracy of a -.- /I12 
certain interval of time assigned in advance. Let us examine the 
foUowing problem in connection with this. 

Let the random processes I 
.a 

! 1 

be described by a mathematical expectation 

and correlation functions 

where x(') (t ) and x(') (t ) are norma? and independent. The value of 
the variable ul, at which a random process changes statistical 
properties, is unknown or random. An a priori distribution density 
a(u1) value of the variable ul is given, If the a priori distribu- 
tion density is unknown, we assume that ul has a uniform a priori 
distribution density in the interval uo c ul S u2, 

There 1s one realization x ( t )  (uo < t 5 u2) of the random 
process X(t) (uo < t 5 u2). It is required that the values ufl 
of the argument ul at which the properties of thz random process 
change be determined. In this case, the problem must be solved, 
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s o  t h a t  t h e  mean r i s k  achieves  an e r r o r ,  with t h e  l o s s  func t ion  

a t  a  minimum. This  can be achieved under cond i t ion  t h a t  t h e  requ i re -  f 
ment of a  minimum a r b i t r a r y  mean r i s k  i s  s a t i s f i e d ,  i . e . ,  .i 

a: Y 

j 
R l ) = . U ( l .  i1 s o ( n ,  . t ) l ( , i . . i , )=min.  (5) 

a,. a. . I 

w3ere x =  ti)) (ti = h i ;  i = no + 1, .. ., n 2 )  i s  t h e  r e a l i z a -  1 
t i o n  of t h e  random sequence f 

-T'lJ = { . ~ ' ' ~ ( t ) }  ( t ,  = hi: i=n,+ I , . . . , n,) 
i =( 

-?2 i= { . r ' z~ ( f ) } (~ ,=h i ;  i = n , + I  ,..., n*), 

of  t h e  mathematical e x p e c t a t i o n  - / I13  i 
i 

and c o r r e l a t i o n  mat r i ces  desc r ibed  

k ( 8 i 3  T ) (r = 1, 2 )  a r e  t h e  va lues  of t h e  c o r r e l a t i o n  f u n c t i o n  (5) at v  4 l u e s  of t h e  v a r i a b l e s  a = B i  and r = TJ; h i s  t h e  quant i -  
z a t i o n  i n t e r v a l  of t h e  v a r i a b l e  t of t h e  random f u n c t i o n  x ( t ) ;  
( i n  ( 4 )  and subsequent formulas,  i t  i s  assumed, without  l o s s  i n  
g e n e r a l i t y ,  t h a t  h 1); nr = E n t i e r  (urh-1) ( r  0, 1, 2 ) ;  8% $8 
t h e  e s t i m a t i o n  of  t h e  parameter n l  (nonoptimum); w(nllz) 1s t h e  
a p o s t e r i o r i  p robab ' l i ty  d e n s i t y  of t h e  parameter n l ;  l ( n 1 ,  fil) 
a r e  t h e  va lues  of  t n e  l o s s  f u n c t i o n ,  when u l  m h n l ,  = h c l ,  
a = ha and h = 1. 



Since uf l  = hnil ,  and h,  as a r u l e ,  i s  known, it i s  s u f f i c i e n t  
t o  f i n d  nfl  f o r  de terminat ion  of  ufl. Unfor tunate ly ,  i t  i s  prac- 
t i c a l l y  Impossible t o  use  express ion  (5 )  d i r e c t l y  f o r  e v a l u a t i o n  
of nfl .  Ca lcu la t ion  of  t h e  f u n c t i o n  R(B1) i s  a n  extremely cumber- 

- 

some and l abor ious  t a s k ,  which i s  t o o  d i f f i c u l t  even f o r  computers. 

To o b t a i n  an  e s t i m a t e  of n i l ,  it i s  necessary  i n  p r a c t i c e  t o  
use t h e  fo l lowing express ion:  

where 

1 
i 

I n  t h i s  case ,  t h e  f u n c t i o n  B(nl/x) can be c a l c u l a t e d  by t h e  
method s e t  f o r t h  i n  works [l, 23. 

An e v a l u a t i o n  of  a* (which determines t h e  change i n  proper- 
t i e s  of t h e  random proc&&s,  wi th  an  accuracy of  t h e  t i m e  i n t e r v a l ,  
w i t h  a l e n g t h  of  2a, ass igned i n  advance) can be c a l c u l a t e d  by 
formulas ( 9 ) ,  (10)  and (11) by computers. 

An example of  s o l u t i o n  o f  t h e  problem be ing  examined by a 
d i g i t a l  computer i s  presented .  
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THE ROLE OF STATISTICAL MEASUREMENTS 
I N  EXPERTMENTAL RESEARCH 

V.V. 01'  shevskiy  
(Moscow) 

9 
Experimental r e s e a r c h ,  as a c o g n i t i v e  p rocess ,  comes down t o  i 

t h e  product ion  of q u a n t i t a t i v e  d a t a  on p rev ious ly  unknown charac-  $ 

t e r i s t i c s  of an o b j e c t  ( o r  phenomenon) s t u d i e d .  A s  a r e s u l t  o f  
exper imenta l  r e s e a r c h ,  we a t tempt  t o  e s t ab l i sh  a q u a n t i t a t i v e  model 
of t h e  o b j e c t ,  ic o l S e r  t o  use  i t  subsequent ly  f o r  prognos is  of  
p rev ious ly  unknown p r o p e r t i e s  of  t h e  o b j e c t ,  f o r  s o l u t i o n  of  
r e c i p r o c a l  problems, e t c .  The m a j o r i t y  o f  exper imenta l  i n v e s t i g a -  
t i o n s  i n  a c o u s t i c s  come down t o  t h e  s tudy  o f  t h e  p r o b a b i l i t y  
c h a r a c t e r i s t i c s  of random processes  ( o r  f i e l d s ) .  This  means t h a t ,  
as a  r e s u l t  o f  experiment ,  t h e r e  i s  a s t a t i s t i c a l  e v a l u a t i o n  0 ( 1 )  
of t h e  p r o b a b i l i t y  c h a r a c t e r i s t i c  O ( i / m ) ,  cor responding  t o  one of 
t h e  models m E M ,  where M i s  t h e  s e t  of  p r o b a b i l i t y  models o f  
t h e  random process  x ( t ) .  A s t r u c t u r a l  diagram of q u a n t i t a t i v e  
exper imenta l  - i n v e s t i g a t i o n s  i s  shown i n  t h e  f i g u r e .  

I 1 - - - 
I Formalization of a 1 Hypotheses on the I 

priori information - - 
properties of the it'em 

I being studied 
& - - - -  - 

I I 
I I ' !  

! I ! [ Hypothetical 1 items 
i I Item being I-- 
I studied 

! . - J. 

1 ~robabili ty modeis Sampling procdss I 1 
P f the random, process .C(r I I .vtt=ni , : i ( t j ,  

1- _ -- . . . . . - .  ~ 
I - 

I . ... - .  - - .. 
robabili ty char- Statistical 

acteristics easurement 
6) ( / ( m ) =  p,,, ;z1 (;.): sys tern 

--- -- - - - - -- f -. - -  I 
(Investigator 

- .- . . -. - -. - 
- -1 Statistical es- 1:-1 timates 4~ I 

Results of inves- Elrperimnt con 
tigrt ion trol system 

L . * -  --A ----I 
Let us  examine c e r t a i n  a s p e c t s  o f  6 ~ h i z a t i o n  of  expe r i -  

mental i n v e s t i g a t i o n s ,  based on the r e s u l t s  of  works [l-41. 



It should be kept in mind that the scheme presented in tr12 
figure is of one, fixed, hierarchical level of experimental 1 c. 

research. The question of where the formalized a priori informa- 
tion and hypothesis are taken from is not examined here. 

By hypothetical items of investigation, we understand an 
idealized model of actual items. The item models are developed, 
using existing formalized a priori information and those hypo- 
theses of their properties which the investigator thinks it 
possible to assume. Separation of the initial data into formalized 
a priori information and assumed hypotheses, in the problem being 
investigated, in our opinion, has a fundamental importance, since 
the basis of formalized a priori information is existing experi- 
ence, obtained earlier during investigations of the properties of 
items, while hypotheses are formulated by the investigator at the /I15 
heuristic level. In this sense, formalized e ariori information 
and hypotheses differ sharply in their confiaence levels. 
The total of the hypothetical items must be sufficiently complete 
to encompass all possible modifications of the real item and con- 
ditions, under which the latter are founC, which are of interest, 

It is known that the random process x ( t )  is determined by 
a set of random functions of time xk(t), k = 1, 2, ...., N 
and by the probability distributions, characterizing the properties 
of this set. Each function xk(t) is called the realization of 
the random process x(t). A convenient (and, possibly, the only) 
form for considering existing a priorDi information and assumed 
hypotheses is the probability model of a random process, by which 
any presentation of instantaneous values of a pro~ess, which per- 
mits calculation or postulation of those of its probability char- 
acteristics which exist in the solved problem, are understood. - /I16 
In this case, the random process x(t) is presented in the follow- 
ing manner: 

where m E M is an operator characterizing the type of model selec- 
ted (subsequently, we shall say that m is the model of the process); 
Si(t), i = 1, 2,  ..., P are random processes, the probability char- 
acteristics of which are considered known. 

Let ~(?/m) be the probability char cteristic of the process 4 x(t), corresponding to its m-th model; are independent variables, :j 
on which the characteristic depends; and ni(X) a e the probability : 
characteri~tics of the random processes; Si(t), f, are the correspond- 
ing independent variables. Ma3hematical model (I) must permit the i 
probability characteristics O(l/m) to b calculated on the basis 
of known (assigned) characteristics wi( f ), i.e., 1 

4 



4 

where p is the connection operator between characteristics ni ( X )  
and CI (r7111), corresponding to assumed model m of the random 
process. At the first (preparatory) stage of experimental investi- 
gations, the investigator must have available the probability 
characteristics ~(Tlm) of the random processes, corresponding to 
their different models V- E M. The second stage is a study of 
the properties of the item studied (real), i.e., the conduct of 
experiments. Here, we produce a sampling process 5?(t), by which 
the set of the time functions Itr(t), r = 1, 2, ..., n, is 5 

understood, each of which corresponds to one experiment carried 
out. The functions gr(t) should be called the sampling realiza- $ 
tions. In distinction from the realizations ak(t) of a random 
process, always of the corresponding probability models of the 
process and, consequently, possessing known probability properties, 
thk sampling realization Itr(t) reflects the properties of the 
real item, and their properties are a priori unknown. On the 
other hand, after carrying out an experiment, the sampling reali- 
zations 5tr(t), after their recording (storage), turn out to be 
known by their values. Since the purpose of the research is 
determination of the probability model of the process being 
investigated, nevertheless, known sampling realizations are neces- 
sary to obtain statistical estimates of the probability charac- 
teristics of interest to us. The sampling process B(t) further /117 5 
enters the statistical gepurement system, at the output of which , 
a statistical+estimate O(1) = St[P(t),+) of the probability char- 
acteristic O(l/m) is formulated, in which St E S is the estimate 
formation operator, selzcted with account taken of the form of the 
characteristic 0(1/m); L are the corre~ponding~parameters of the 
statistical measurepe2t system. The estimate @(I), together with 
the characteristic ~(l/m), becomes available to the investigator, 
who is drawing conclusions concerning the results obtained. 

The investigator, on the basis of statistical measurements, 
can control the course of the investigation. The experiment con- 
trol system serves this purpose. By means of it, the conditions 
in which the item being investigated are found can be purposefully 
influenced, and parameters of the statistical measurement system 
can be selecteP, as well. The task of such a relationship to the 
experiment is, first, the selection and provision of conditions, 
under which the results of investigation of the item will have 
presence. In other words, the question is of smoothing the impos- 
ing set of experimental investigations. 
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INTERPRETATION OF THE RESULTS OF STATISTICAL MEASUREMENTS - / I18  

V.V. Ollahevskiy 
(Moscow) 

I n  accordance wi th  t h e  examination c a r r i e d  out  i n  work [I], 
an experimenter  has two c h a r a c t e r i s t i c s  of a  random process  a t  
h i s+d i sposa l ,  namely, t h e  c a l c u l a t e d  probability+characterlstic 

B(l/m) and t h e  measured s t a t i s t i c a l  e s t i m a t e  6(1). Let 

be a q u a l i t y  func t iona l  of t h e  experimental  i n v e s t i g a t i o n  charac-  f 
S 

t e r i s t i c  Q(l/m). This  f u n c t i o n a l  d e f i n e s  t h e  d i f f e r e n c e  i n  two 
f u n c t i o n s  Q(f/m) and @ ( I ) ,  i n  t h e  sense  of opera to r  p a  t h e  form 1 . 
of which i s  determined by t h e  purpose of' t h e  e x p e r 1 ~ t s 1 , a l  r e s e a r c h  1 ,: 

and p e c u l i a r i t i e s  of t h e  problem t o  be so lvfd .  Of ce'.etain genera l  J 
p r o p e r t i e s  of t h e  u a l i t y  f u n c t i o n a l  p Jm, L), we no te  t h e  foilow-, i 

ing :  f i r s t ,  ~ ~ ( r n ,  2)  > 0; second, st BPl/m) = @(I) ,  we have p. (ma L) = i P = 0;  and, t h i r d ,  wi th  i n c r e a s e  i n  t h e  d i f f e r e n c e  betwesn t h e  unc t ions  4 
@(f/m) and 8 ( l ) ,  t h e  va lue  p .  (m/,  z )  i n c r e a s e s  monotonically.  The P i fo l lowing two forms of  d e f i n  t i o n  of  t h e  q u a l i t y  f u n c t i o n a l  can be 1 
presented  as an example: i 

Let us assume t h a t  t h e  s t a t i s t i c a l  measurement procedurs i s  
organizsd  i n  such a manner t h a t ,  f o r  a s e l e c t e d  model mathe pars-  
meters  L 9 f  t h e  measurement system a r e  opt imized,  s o  t h a t  

R e a l i z a t i o n  of cond l t ion  (4)  corresponds t o  t h e  s p e c i f i e d  mini- 
mum of f u n c t i o n a l  (I), i , e . ,  t h e  s o l u t i o n  of t h e  system of  equa t ions  



. . 

From this (under corresponding c nditions of determination of the /119 8 type of sxtremum), the value ogt - (i) Is found, at which func- 
L 

tional (1) assumes the appearance 

It is evident that functional pg(m) wlll have different f 
values for different models m, as a consequence of the fact that s 
hypotheses of the item being investigated equal its actual proper- 1 ;  

ties to a nonuniform degree. We will understand model mo to be 
the basic model, corresponding to the smallest value of functional . , 

I 

(6) a .  

4 

(Wd = inf ;,., ( IF, ) .  
nt. !I 

It can bz expected that, the closer the values pg(m) and po(mo), 
the more accurately model m has been selected, 

Let us turn attention to the nature of the formation of the 
set M of models m E M. Let us examine two arbitrary models mi 

and 
. Their difference can be explained by both the amounts of 

a pri ri information taken into account ~.nd by those hypotheses 
which were assumed during their determiziation. In many cases, 
which are of interest i~ practice, it can be considered that, in 
development of various models, the amount of a prior1 information 
used is the same, and models (mi and mj) are distinguished only 
by the nature of what has been assumed (h hypothesis and hj). 

Let us examine the value Apg(m) of functional pe(m), 
which would correspond to the case of complete coincidence of 
the assumed models m and models of the real item (this, of course, 
is a hypothetical situation, but it deserves consideration from 
the methodical point of view). The value of Ape(m), taking what 
hns been said into account, should be treated as errors in statis- 
tical measurement (methodical and instrumental). These errbors can 
be calculated, if the probability characteristic 8(ft/m), cor- 
responding to the m-th model, is assumed as the true characteristic, 
i.e., the equality of Q(f/m) r @(I) is postulated. It is natural 
to expect that the smallest value of Ape(m), for an assumed set M, 
will occur for the basic model mo, i.e., 

inf Ape ( m )  = Apb (-1. 
am .W 



Let c be a p o s i t i v e  number, t h e  va lue  of which i s  determined 
by proceeding from t h e  s p e c i f i c s  of  t h e  problem solved and charac- 
t e r i s t i c s  of  t h e  resea rch .  Fur the r ,  l e t  t h e  va lue  

correspond t o  t h e  magnitude of t h e  e r r o r  i n  s t a t i s t i c a l  measure- - /120 
ments, inc reased  by ( 1  + c )  t imes ,  I f ,  i n  c a r r y i n g  ou t  exper i -  
mental r e s e a r c h ,  t h e  cond i t ion  

i s  r e a l i z e d ,  t h e  r e s e a r c h  t a s k  can be considered c~ ;np le t?d ;  i f  i t  
t u r n s  out  t h a t  

t h e  b a s i c  model cannot be considered ; u f f i s i e n t l y  equa l  t o  t h e  
model of t h e  r e a l  i tem. I n  t h i s  case ,  t h e  s e t  M of i n i t i a l  modela 
must be rep laced  by ano the r  one M I ,  s o  t h a t  M n M 1  = 4 ,  f u r t h e r  
r e s e a r c h  should l e a d  t o  a sea rch  among t h e  models m l  E M 1  of  t h e  
b a s i c  one m o .  T h i s  procedure should be repea ted ,  in t roduc ing  s ~ c -  
c e s s i v e  s e t s  M R ,  s o  t h a t  M R , ~  MR = 4 ,  R = 1, 2 ,  ..., u n t i l  con- 
d l t i o n s  of type  (10)  

do not  occur,  f o r  t h e  corresponding b a s i c  model mqo. 

The t r a n s I L i o n  from set M t o  s e t  MRs R = 1, 2 ,  ..., can e i t h d r  
not  be accompanied by t h e  c o ~ d u c t  of  new experimental  r e s e a r c h  o r  
can r e q u i r e  a d d i t i o n a l  experiments ,  I n  t h e  f i r s t  c a s e ,  t h e  q u e s t i o n  
i s  of t h e  n e c e s s i t y  f o r  deducing a d d i t i o n a l  hypotheses,  which per- 
m i t  t h e  s e t  t o  be determined and t h e  a l ready  e x i s t i n g  volume 
of experimental  d a t a  t o  be used f o r  subsequent  tati is tical measure- 
ments. I n  t h e  second case ,  experimental  r e s e a r c h  i s  continued and 
i t s  o rgan iza t ion  i s  ca2r ied  out  on t h e  b a s i s  of t a k i n g  account of 
t h e  s p e c i P i c  (new) p r o p e r t i e s  of  s e t  MR. 

I n  t h i s  manner, i n t e r p r e t a t i o n  of t h e  r e s u l t s  of  exper imenta l  I. 

r e s e a r c h  comes down t o  a s e a r c h  f o r  a b a s i c  p r o b a b i l i t y  model among 
a l l  p o s s i b l e  models. i 

9 3 : 
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LP-SEARCH AND ITS USE IN ANALYSIS OF THE ACCURACY 
OF CONTROL SYSTEMS WITH ACOUSTICAL MODELS 

V.I. Sergeyev, I.M. Sobolt, R.B. Statnikov, and I.N. Statnikov 
(Moscow 1 

One of the approximate methods of estimation of the accuracy 
of nonlinear statistical systems, containing significant nonlineari- 
ties with discontinuous characteristics,is the method of statistical 
linearization of I.Ye. Kazakov [I]: the actual relationrhip between 
the input and output signals of a noninertial nonlinear component 
is replaced by an approximate relationship, which is linear with 
respect to the centered input signal, which is equivalent in the 
statistical sense. The method is restricted in use for a number 
of reasons, among which can be such as the necessity for assuming 
the hypothesis of normal distribution of the input signal, and an 
obligatory analytical connection between the statistical charac- 
teristics of the input and output signals [21.  

The universal method for solution of statistical problems af 
nonlinear systems is the Monte Car1lo method. It permits the 
statistical characteristics of the output signals of any nonlinear 
systems to be found. The presence of an analytical connection 
between the statistical characteristics of the input and output 
signals is not obligatory for the method. Its essence is that 
the values sought in the problem are equated to the parameters 
of a certain random process. On the basis of the Chebyshev inequal- 
ity, approximate values of the quantities sought are assumed to be 
equal to the estimates of the parameters of this process, obtained 
as a result of statistical treatment of experimental data. 

A large number of tests is required to obtain a probability 
estimate of some event with asufficiently high degree of accuracy. 
The errors of the method, at a given confidence level, 
decrease in inverse proportion to m, where N is the number of 
tests. 

t A determinative analog of the Monte Carlo method, the LP-search 
[3 ,  41, is proposed for finding the values sought in nonlinear 

i 
I statistical systems. The LP-search is based on the use of nonrandom 
b LP,-series of test points Q1, ..., Qi ... [5]. This series has such 
j 
i 

properties that, for any region U in an n-dimensional cube, there 
I takes place 

4 
4 

where V ( U )  is the volume of this region and SN(U) is the number of - /122 4 
test points Qi, with numbers 1 S i S N, belonging to U. a 

7 



* 
The LP - s e r i e s  belongs t o  t h e  c l a s s  of uniformly d i s t r i b u t e d  .F 

s e r i e s  (uds j .  Convergence of t h e  sea rch  wi th  t h e  t e s t  p o i n t s  of  $ 

any uds r e s u l t s  from (11, i n c l ~ d i n ?  LP,-series .l The advantage 
t 

4 

of t h e  LP-search over t h e  random method fo l lows from e s t i m a t e s  
of t h e  va lue  of t h e  d i f f e r e n c e  I s ~ ( u )  - NV(U) I. I f ,  f o r  random 
p o i n t s ,  t h e  d i f f e r e n c e  I s ~ ( u )  - NV(U) I i n c r e a s e s  a s  /i;i, f o r  p o i n t s  i 3 
Q1, ..., Q N ,  a t  a l l  N,  t h e  e s t i m a t e  c a l c u l a t e d  i n  [4, 51 holds  t r u e :  

S , ( ~ ' I -  . Y t ' ( [  I $ < ( ) I )  lnnx 

Statement of  t h e  Problem 

To determine such a c h a r a c t e r i s t i c  of t h e  accuracy of a non- 
l i n e a r  s t a t i s t i c a l  system a s  t h e  p r o b a b i l i t y  of maintenance of 
t h e  va lue  o f  t h e  output  s i g n a l  of t h e  system i n  a  given confidence 
i n t e r v a l .  A v a r i a n t  of t h e  block-diagram of t h e  model f o r  so lu-  
t i o n  of t h e  problem i s  proposed (Fig .  1). Here, 1 i s  t h e  number 
sensor  Q1, ...,,Qi, ..., QN; 2 i s  t h e  dev ice  f o r  formation of 
inpu t  s i g n a l e  X ( t )  = ( x l ( t ) ,  ..., X n ( t ) I ;  3 i s  t h e  system model; 
4 is t h e  counter  of t h e  number m of r e a l i z a t i o n s  of  an  output  s i g n a l  
P ( t )  = {Y ( t ) ,  ..., Yn( t ) )  i n  a  given confidence i n t e r v a l ;  5 i s  t h e  
counter  o$ t h e  t o t a l  number N of r e a l i z a t i o n s  of an oc tpu t  s i g n a l  
Y ( t ) ;  and 6 i s  an  m/N d i v i d e r .  

- 
El- f 2 

/ q 3 }  Y It) 3 

random I .nprt  r e a l i z a t i o n s ,  a  t a b l e  

Conclusions 

1. To a t t a i n  t h e  r e q u i r e d  
accuracy i n  s o l u t i o n  of  t h e  
problem of c o n t r o l  of a  s t a t i s -  
t i c a l  system i n  t h e  LP-search, 
a  cons iderably  smal le r  number 
of  t e s t s  i s  r e q u i r e d  t h a n  i n  
t h e  Monte Carlo method. 

2. The LP-search a l lows - /123, 
t h e  p o s s i b i l i t y  of m u l t i p l e  
r e p e t i t i o n s  o f  t e s t s  under 
i d e n t i c a l  cond i t ions  and 
o b s e r v a b i l i t y  ot? t h e  output  
v a r i a b l e s  of t h e  system, 
s i n c e ,  f o r  process ing  of  

of  nonrandom numbers i s  used C51. 

E 
P 

'1n use of t h e  LP,-series, t h e r e  is  no d i f f i c u l t y  i n  o b t a i n i n g  
& 

numbers, having normal, exponen t i a l  o r  any o t h e r  d i s t r i b u t i o n .  i 
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ALGORITHM FOR IDENTIFICATION OF A SINGLE CLASS 

V.A. Kaminskas 
(Vilt nyus) 

1. Statement of the Problem 

The class of nonlinear dynamic systems being discussed is 
described by the integral Hammerstein operator: 

x 

). ( t )  I f h. 0.) f & ( t  - >,)I a. 
@ 

Here, x(t) and y(t) are the input and output signals of the system. 
The nonlinear amplification coefficient f(x) and weighting function 
w(X) are broken down by linear-independent functions: 

f . )  ( . .  p,(x)= Hi ( =-) . 
i -0 2 ex 

where Hi(y) and Lj(h) are Hermite and Laguerre polynomials. 

In accordance with (2) and ( 3 ) ,  operator (1) is presented in /I24 ! - 
the form: 

? 

, ..., bm) are unknown where aT = (ao, al, ..., a )  bT a 
vector parameters; G(t; a )  = 1 lh (t, is the dimensionality 

? 

matrix (n + 1) x (m + I), elemen84 of which 
, 
1 

, 
I,,., ,,; x \=  /- $, \ I . :  ~ ) X ? ~ [ - v ( t - ) . ) ] & . .  ; ! 

3 
In connection with the use of computers, in place of operator (4), 
its discrete analog is studied: I t 



+ ~(kht), G~(G/ = G(kAt; a )  and At is the digitization 
:;:::v;!f. 

The task of identification consists of determination of the 
estimates 8 ,  8, & of the parameters a, b and a of operator (5) ,  
by observations under conditions of normal operations or experi- 
ment: xT Y (XO, x1, ..., xQ) and zT = (20,  z19 ..-, zs), where 

and Nk are independent errom in observation of 
of the output signal of the system. It is assumed 
ematical expectation of error is zero and of the 

dispersion, finite. 

2. Algorithm for Calculation of Parameter Estimates 

In order for the parameter estimates to be minimized, a root 
mean quality criterion is required: 

The mathematical search for the minimum in the function ( 6 )  
is carried out in the following manner. The function 

is interpolated and estimates 8, 6 and B are determined by solution 
of the extreme problem 

The technical process of calculation of the estimates looks this 
way. An initial approximation 66 is selected, and the extreme 
problem (7) is solved. For the search for the extreme of criterion 
(6), at a fixed d 5 ,  the principle of lowering by components, with 
the Gauss method, is used, leading to an iterated algorithm of 
the type: i 

i 



where 

Further, by known methods El] of the search for tile extreme of 
the function of one variable I(a), for example, by the Fibonacci , 
method, a new value is determined. After this, we immediately 
turn to algorithm (9), etc., while the process converges. 

3 .  Reduction of the Estimates of ?(XI and B ( X 1  

As investigation has shown, the algorithm described above 
permits calculation only of the estimates e, corresponding to the 
products of the parameters of the type a-bT = c. For reduction of 
the estimates Q ( X )  of the weight function w(A) and estimates ? ( x )  
of the nonlinearity f ( x ) ,  a method was developed, using the equality 

where K is the amplification coefficient of the linear portion of 
the model. The estimates and 6 are reduced by estimates of t?, 
of the corresponding equations: 

1 0  
6, L L- , i = O ,  I . .  . . . n  

In those cases when k is unknown, it should be assumed as unity. 
Then, the estimates @ ( A )  and ? ( x )  are reduced only with an accuracy 
of the factors 1/ and k, respectively. 
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IDENTIFICATION OF AN OBJECT 
BY INPUT AND OUTPUT SPECTRAL CHAR9CTERISTICS 

S.F. Redtko, V.F. Ushkalov 
(Dnepropetrovsk) 

The problem is discussed of identification of a linear 
object of known structure, the movement of which is described 
by a system of differential equations of the type 

where y is an n-dimensional output vector, u is an m-dimensional 
, 

- 
vector of static~ary, random disturbances (inputs), A and B are 
matrices of unknown parameters of the dimension, n x n and n x m, I 

respectively. The spectral and reciprocal spectral densities of 
the inputs and outputs are used as the initial information on 
the object. 

The relations connecting the unknown parameters of the object - /127 
with the input and output spectral densities can be presented in 

I the form 

i w S,, = AS,, + BSu,, 

where SUu are the vectors of the spectral and reciprocal t 
of the inputs and outputs. Construction of a 4 

model of the object 

which is the best in the sense of the minimum root mean error, 
is conveniently carried out [l] in the following manner. We pre- 
sent the estimate of QyU in the form 

(01 is determined from the equation where Syn 

iw S$' = Co S$' + Do S,,, 



p i s  t h e  vec to r  of increment of t h e  parameters  of  t h e  matri e s  C 
and D,  and I' i s  t h e  s e n s i t i v i t y  f u n c t i o n  of t h e  e v a l u a t i o n  gyu, 
by elements  of t h e  v e c t o r  

Co and Do a r e  t h e  i n i t i a l  va lues  of t h e  mat r i ces  C and D. 

Es t imat ion  of t h e  v e c t o r  f3, t h e  b e s t  i n  t h e  sense  of  t h e  
minimum r o o t  mean e r r o r  E l ,  21,  equals  

rrhere W i s  t h e  weight matr ix.  

Elements of t h e  v e c t o r  I' a r e  determined a s  t h e  s o l u t i o n  of  
t h e  system of equat ions  of s e n s i t i v i t y  

where F and G a r e  t h e  mat r i ces  of  t h e  increments  of ma t r i ces  C 
and D ,  r e s p e c t i v e l y :  

The procedure f o r  e s t i m a t i o n  of t h e  unknown parameters  was 
reduced t o  numerical s o l u t i o n  of Eqs (4 ) - (7 ) .  The use  of t h e  
inpu t  and output  s p e c t r a l  c h a r a c t e r i s t i c s  a s  t h e  i n i t i a l  informa- 
t i o n  l e a d s  t o  s u b s t i t u t i o n  o f  d i f f e r e n t i a l  eq i o n s  ( 1 )  by a lge-  
b r a i c  ones ( l a ) .  The i n i t i a l  approximation Sy8jand t h e  elements /128 

YU 
of  v e c t o r  I' a r e  determined by way of  s o l u t i o n -  o f  t h e  system of  
a l g e b r a i c  equat ions  ( 4 )  and (6) : 



L 

S u b s t i t u t i o n  o f  t h e  d i f f e r e n t i a l  equa t ions  by a l g e b r a i c  ones 
l e a d s  t o  d e c r e a s e  i n  t h e  q u a n t i t y  of c a l c u l a t i o n s  and amount o f  4' 

d a t a  which must be s t o r e d  i n  t h e  computer memory. 

The a lgor i thms  were put  i n t o  p r a c t i c e  i n  t h e  Minsk-22 computer. 
Examples of  i d e n t i f i c a t i o n  of  dynamic o b j e c t s  a r e p r e s e n t e d .  

I : 4 
t I 

i 
1 

.'. 
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f 
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SYNTHESIS OF AN OBSERVATION OPERATION 
AND THE PROPERTY OF COMPLETE OBSERVABILITY OF NONLINEAR OBJECTS $ <  

s ,  ,* 

Y e . A .  Q a l t p e r 3 n  54. 

(Moscow) , - 

t 
3 
A .  

The s t a t e ~ n e n t  and s o l u t i o n  o f  t h e  problem o f  ~ b s ~ e r v a t i o n  o f  : .  f 

a l i n e a r  o b j e c t  from incomple te  i n f o r m a t i o n  i s  well-kr,own. The : 
problem o f  o b s e r v a t i o n  o f  a n o n l i n e a r  system i s  s i m i l a r  and con- j .  

sists  o f  t h e  fo l lowing .  The known dynamic p r o p e r t i e s  of t h e  ! .  
o b j e c t  are expres sed  by t h e  e q u a t i o n  

i . , 

The i n i t i a l  d a t a  x ( t 0 )  a r e  unknown; however, t h e  q u a n t i t i e s  com- 
p r i s i n g  t h e  1-vec tor  o f  i n f o r m a t i o n  a r e  measured on t r a J e c t o r i e s  
(11 

Equat ions  ( 2 )  cennot  be so lved  f o r  x .  It i s  iaequired t h a t  
t h e  motion be r e s t o r e d ,  l e e . ,  t h a t  x ( t )  be found,  u s l n g  ( 1 )  and 
( 2 )  i n  a  c e r t a i n  i n t e r v a l  [a, 61 of t h e  p r e v i o u s  h i s t o r y  of  t h e  
p r q c e s s .  

S lnce  a n  i n v e r s e  r e s o l v i n g  o p e r a t i o n  cannc t  be  s y n t h e s i z e d ,  
as i s  done f o r  l i n e a r  sys tems ,  a n  opera t ion-procedure  i s  synthe-  
s i z e d ,  i n c l u d i n g  s o l u t i o n  of  a  c e r t a i n  expe r imen ta l  problem, The / I29  
g e n e r a l l y  accep ted  meaning o f  t h e  ALGOL procedure  i s  inc luded  i n  
t h e  understanciing of  t h e  p rocedure ,  

The o b s e r v a t i o n  o p e r a t i o n  i s  set by s y n t h e s i s  o f  an obse rvab le  
s i g n a l  Y,  g e n e r a t i n g  t h e  N-vector-funct ion 9, d e f l n i n g  t h e  obser -  
v a t i o n  procedure .  Computing by t h e  known i n t e g r s t i o n  o p e r a t o r  , . 

. ~ W = g ( . v 0 .  lo,  1 )  t 2 1,) ( 3 )  . . . 

6 ,  

and assuming normal p r o p e r t i e s  o f  c o n t i n u i t y  o r  d i f f e r e n t i a b i l i t y  .. . . . 
i n  ( I ) ,  ( 2 )  and ( 3 ) ,  we can s y n t h e s i z e  t h e  f o l l o w i n g  o b s e r v a t i o n  
o p e r a t i o n s .  1 

1. I n t e g r a l  o b s e r v a t i o n  o p e r a t i o n s .  





Let us designate any vector appropriate to the standard by 
I lx 1 1, let us select the closed set Z (t 1, presumably containing 
the conditions sought x(t), and let us formulate the mathematical 
programming problem 

The procedure of observation of movement x(T), T 2 t consists 
of the following stage?. formation of an observable signal and 
the generating function, solution of problem ( 7 )  and search among 
the "null" {F(z, t = 0) solutions of the actual condition x(t), and 
integration of (l), at xo = x(t). 

In this form, with a one-time solution of the extreme problem, 
the procedure is a prediction system. If the integration limits 
are presented in (4), O c 0 is assumed, the left differentiation 
is implied in (5) and a continuous solution of the series of extreme 
problems is carried out, a servo system is produced, which 
is suitable for use in a control device. The presence of a con- 
trolling action in (1) does :lot introduce significant cornplica- 
t ions. 

The system (1)-(2) is fully observable at moment t in region 
Z(t), if the observation operation can be synthesized sa that the 
set of "null" solutions of problem (7) is finite or empty. 

Theorem 

The generating function @(z, t) ensures complete observability 
of system (1)-(2), in a closed vicir::y of points z0 at moment t, 
if the rank of its Jacoby matrix E@/az at point z0 equals the order 
of the system. 

Fulfilment of the conditions of the theorem in the region Z(t) 
guarantees that the calculation procedure of the observation can 
be put into practice. In linear systems, this condition is neces- 
sary and sufficient, and, in stationary ones, is redu ed o the F - 5  known R,Ye. Kalman condition: rank (H1, AIH1, . . . , At n 1 H1) = n. 



ANALYSIS OF SPECTRA OF ACOUSTICAL SIGNALS /I31 . 
AT TEE OUTLET OF A NONLINEAR SYSTEM UNDER THE ACTION OF THE 

SUM OF THE HARMONIC SOURCES 4. 

Yu . D. Sverkunov 
(Moscow) 

A system for analysis of components of the noise and vibra- 
tion spectra of an internal combustion engine was described in 
work [I], and the problem was stated of determination of the trans- 
fer function of a noise or vibration propagation channel, by means 
of measurement of the amplitudes and phase of discrete components 
of the spectra. Such an analysis can be greatly simplified, if 
specific relations between components of the spectra at the out- 
let of a nonlinear system are established. This report is devoted 
to establishment of such relations. 

Let there be an input action 

A characteristic of a noninertial, nonlinear element uOut - - 
= f(Uin) is the exponential poiynomial 

We assume that frequencies w i  are not multiples. The signal 
at the nonlinear system outlet consists of a set of combina- 
tions of frequencies (CF). It is convenient to assign a set of 
coefficients [bl, ..., bn], takicg the values of any whole numbers, 
as well as zer.., to any CF, for example, blwl t b2w2 t ... t bnw2, 
during the action of a sum n of harmonic signals at the inlet. 
For the CF amplitudes [bl, ..., bn], which we designate CCbZ , * * * ,  bnl' . . 
at the outlet of a nonlinear system, the formula was obtained in 
work [2], with the given expression (I), 

[S? :*' 
2 ! 



where al i ,  ..., ant i s  t h e  i - t h  p a r t i t i o n i n g  o f  t h e  q u a n t i t y  s i n  /I32 
n whole, ncnnega t ive  te rms;  

. 
.;= -1 b, i s  c a l l e d  t h e  o r d e r  o f  t h e  g iven  CF; 

Ld] i s  t h e  i n t e g r a l  p a r t  o f  d; C: i s  t h e  number o f  combinat ions  o f  
m w i t h  n. 

Let  u s  examine formula (2) f o r  on ly  one t e r m  o f  t h e  e x t e r n a l  

sum, which :.s t h e  CF ampl i tude  U (q+2s a t  t h e  o u t l e t  o f  a 
[ b l ,  ,bn l  

p a r a b o l a  o f  deg ree  q + 2s. 

E x t r a c t i n g  t h e  q u a n t i t y  s i n  n nonnegat ive  te rms  from t h e  
se t  o f  p a r t i t i o n i n g s  o f  t h e  s u b s e t s  wi th  a, = 0 ,  1, 2,  ..., s,  a 

' (q+2s l o n e r  o r d e r  formula  of  t h e  r e p r e s e n t a t i o n  U o v e r  t h e  
[ D l ,  " , bn l  

CF ampl i tude  can  be ob ta ined :  

where U (q+2s-2j ) i s  t h e  CF ampl i tude  [ b ,  . bA-ll = 
C b l , * *  , b n I / l b p l + 2 j  

j 
= [tl, ..., bpml, bp+l , . . . ,  b n l  a t  t h e  o u t l e t  of  a p a r a b o l a  o f  

! 
degree  q n , ~  + 2s - 2 j ,  w i t h  t h e  p r o p o r t i o n a l i t y  c o e f f i c i e n t  

a-1 

Kq+??. qm-l=  b; ; ~ 3 1 . 2 ,  . . . , n}. 
1- I 

A l l  CF o f  o r d e r  q can  be  broken i n t o  s u b s e t s  o f  a d j u s t a b l e  CF 
(ACF), which a r e  produced by means o f  every  k ind  of  ad jus tment  o f  

n 

t h e  se t  o f  n numbers, rn of  which are d i f f e r e n t , b l .  .... b a ( b i 2 0 . ~ b i = p ) .  
i - a  



I 
I The number of such  ACF e q u a l s  n!/(n-m)!. Express ion  ( 3 )  p e r m i t s  

t h e  r e l a t i o n  between t h e  ACF ampl i tudes  t o  be made a p p a r e n t .  We - - 
w i l l  assume below t h a t  u l  2 u2 2 ... 2 b l  2 b2 2 ... 2 bn. Then, 
f o r  n  = 2, i t  can be shown t h a t  U (q+2s)  

[b l , b2 ]  
(qt2s) f o r  any s.  

u ~ b 2 , b l ~  

For  n  = 3, t h e r e  a r e  s i x  ACF i n  a l l .  The c o r r e l a t i o n  among 
t h e i r  ampl i tudes  i s  de te rmined  by means o f  ( 3 )  and can  be shown 
s c h e m a t i c a l l y  w i t h  t h e  a i d  of F i g .  1. I n  F i g .  1, t h e  ACF 
ampl i tudes  a r e  p r o v i s i o n a l l y  d e s i g n a t e d  by numbers o b t a i n e d  from 
t h e i r  s u b s c r i p t s ,  which are o r d e r e d  i n  sequence by columns from 
t o p  t o  bottom i n  each  column. The s i g n  2 i s  c o n d i t i o n a l l y  r e p l a c e d  
by a n  arrow h e r e ,  d i r e c t e d  from t h e  g r e a t e r  ampl i tude  t o  t h e  lesser 
one,  and t h e  s i g n  * d e s i a n a t e s  a n  i n d e f i n i t e n e s s  c o r r e l a t i o n .  For - -- 

(q+2s 1 (q+2s example, 132 + 231 means t h a t  U C b  , b  
2 U C b  ,b ,b  I ,  and 1 3, 2  2 3 1  

(q+2s ) (q+2s ) 132 * 231, Chat UCbl  b  b  1 U[b2,b3,bl]o The l a t t e r  i s  e a s i l y  /133 
9 3 ,  2  

e s t a b l i s h e d ,  assuming i n i t i a l l y  t h a t  u l  = u2 > u3, and t h e n  t h a t  
u 1  > u2 = u3, at  bl > b2 > b3. 

L e t  us  examine t h e  c o r r e l a t i o n  f o r  a r b i t r a r y  n .  By ana logy  
w i t h  polynomials  o f  s e v e r a l  v a r i a b l e s ,  w e  w i l l  c a l l  t h e  o rde red  
s e t  ACF a  l e x i c o g r a p h i c  s e r i e s  (LG s e r i e s ) ,  i . e . ,  w e  w i l l  c o n s i d e r  
t h a t  t h e  CF [ b i ,  ..., b;] i s  l o c a t e d  h i g h e r  i n  t h e  LG s e r i e s  t h a n  
i t s  ACF [by, b i ] ,  i f  b i  2 by, i n  which,  i f  b i  = b;, b i  2 b; a t  
b i  = b i ,  b i  2 by,  e t c . ,  s o  t h a t ,  i n  t h e  f i n a l  a n a l y s i s ,  h i  > b i ,  
where k S n  - 1. 

Theorem 

If CF [ b i ,  ..., b;] i s  h i g h e r  i n  t h e  LG s e r i e s  t h a n  CF [by,  

..., b:], t h e r e  always are such  c o r r e l a t i o n s  o f  t h e  i n i t i a l  ampli-  
t u d e s ,  n o t  going beyond p e r m i s s i b l e  l i m i t s ,  a t  which U ( q t 2 s )  [ b i  , . . . , b ' ]  > 

( q t 2 s ) "  n  
> u [ b y , .  . . , b l I .  

I 

Proof 
I 

1 I n  t h e  ACP be ing  examined, l e t  bL and b i  be t h e  f i rs t  d i f f e r -  
I 

I 

e n t  c o e f f i c i e n t s ,  i . e . ,  b i  > b;. Then, assuming i n a t  uk > uk+: = t i 
= Uk2 

- - ... = un, a l l  c o e f f i c i e n t s  b i  and b l  can  change p l a c e s ,  

f o r  k  t 1 S i S n,  s o  t h a t  t h e y  a l l  c o i n c i d e  i n  p a i r s  i n  b o t h  ACF, 



except one pair. After this, using break-down formula ( 3 )  n-K-2 
times, we reduce the comparison of the initial ACF amplitudes to a 

(q+2~ (q+2s) It follows from~ their inequal- comparison of U , bt,l and Ucb;,bl;,q Lbk' k t 
ity that U[bf,...,bA] ' '[b' 1' . . . ,b:], which was required to be 

proven. 1 
i 

Breaking down the LG series, in the form of a sequence of n 1 
columns, by (n - 1) amplitudes in each column, we obtain a table, r 
which can be called a lexicographic matrix (LG matrix). By means 
of the latter, a set of correlations between the ACF amplitudes 

i 
is established. In each column of the LG matrix, the correlations i 

between amplitudes are the same as in a LG matr3x with a smaller 
dimension per unit, which we will consider known. The sign + : 
always stands between neighboring elements of an LG matrix in a # 

single row, as in Diagrams 1 and 2, so that they will always differ 
by only t ~ o  coefficients. 

It is easy to establish the correlations between any ACF ampli- 
tudes in neighboring columns, if they are not otviously of the same 
LG matrix. For this, it is sufficient to assume bi = by, after 

which the comparison of amplitudes of neighboricg columns is reduced 
to a comparison of the amplitudes located in a single column. 

A matrix for n = 4 is presented in Fig. 2 as an example. In 
this manner, a lexicographic matrix graphically shows the correla- 
tions between the amplitudes of the overwhelming majority of ACF. 

The established correlations, /134 

C f all coefficients of the same parity 
of which have the same sign, hold 

f 2  3 -2f3 -3f2 true for nonlinear systems, described 

+ t t by polynomials or exponential series. 
since the inequalities obtained are 

4 3 2  ~ 2 3 $  -329 intensified in this case. Thus, the 

t t correlations obtained prove to be 
true for a quite extensive class of 
functions. 

Fig. 1. 



Fig. 2. 
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THE USE OF STATISTICAL CHARACTERISTICS OF REDUCER 
VIBRATIONS AS DIAGNOSTIC SYMPTOMS 

F.Ya. Balitskiy, M.D. Genkin, M.A. Ivanova, and A.G. Sokolova 

(Moscow ) 

The vibrations of a gear drive are a random process, carrying 
information on various parameters, i.e., on the condition of the 
transmission 11, 21. 

It is well-known [3] that complete information on a random 
process can be obtained from an n-dimensional amplitude probability 
distribution pattern. Nevertheless, the most widespread charac- 
teristic of a random process up to this time is the spectral den- 
sity, owing to its accessibility. In fact, in some cases, the 
spectral characteristic is a good diagnostic symptom, for example, 
when various spectral components are unambiguously connected to 
specific kinematic pairs. Otherwise, it is useful to have data 
on the connections between various frequency components of the 
spectrum [4]. Such a possibility was revealed during study of 
two-dimensional distribution patterns and their accompanying 
torque characteristics. 

The results of a statistical analysis of the vibrations of 
the experimental RS-1 reducer stand, with a spiral-gear trans- 
mission, operating on a closed circuit, are presented. The analysis 
was carried out on the l~insk-2 and Minsk-32 digital computers, with 
two-channel analog-digital converter, built in the Institute of 'i 

the Science of Mechanics. Two-dimensional distribution patterns, 
conditional dispersions and dispersion ratios were calculated. 
The octave-band-filtered first harmonics of the tooth frequency 
f, of the vibrations at two different measurement points were con- 
sidered as the components of the vibration process to be analyzed. 
The regression lines, corresponding to different values of the 
loading torque, are represented in Fig. 1. Since it was not the 

i 

gear drive parameters which were determined by diagnostic methods, 
bht the characteristics most sensitive to change in state of the 
object of the investigation, the loading torque, which is the 
simplest and most accessible for measurement, was chosen as the 
condition parameter. 

The slope of the regression lines changes from 0 to 7r/4 with 
increase in load (Fig. I), i.e,, the angle of inclination of the 
regression line can serve as a characteristic of the condition. 
The regression lines become essentially nonlinear at large loads, 
and the ?(y) and y ( x )  curves run together in the m.tddle sections, - .  1136 
which is evidence of the appearance of a strong connection between 
the processes. The square of the dispersion ratio n2 can serve Y/X 
as a quantitative estimate of such a characteristic as closeness 
of a connection (see Table I). 

d 

150 



Fig. 1. 

TABLE 1. 

Lcad, P (kg-m)? 4 6 8 10 12 
-pa- ~. . . 

The filtered first x(t) and second y(t) harmonics of the tooth 
frequency also were considered as components of the vibrat!~n pro- 
cess to be analyzed. The nature of the regression lines y;,:) changes 
with change in load (Fig. 2). The dispersion ratio, the values of 
which are presented in Table 2, also can serve as a quantitative 
estimate of the closeness of the connection between the first and 
second harmonics of the tooth frequency. Convex regression lines 
are arbitrarily indicated by the symbol (t), and the concave ones, 
by the symbol (-1, in the bottom row of the table. 

The conditional dispersions were calculated for the same 
vibration components and values of the loading torque. The 
schedastic lines DY/X, illustrating the relationship df the trend /I38 - 
of these curves to the value of the condition parameter, are + 
represented in Fig. 3. The more characteristics are used fop 
identification, the greater the probability of a correct identi- i 
fication of the dynamic condition of a complex object. i 

4 



Fig. 2. 

TABLE 2. 

Load, P (kg-m) 2 J I 9 1 1  1 1  
- 

- 

T,' I*, .Y 0.0.3 0-53 U.52 0..35 l l lB I l.b.5 

Sign + - - - + & 

Fig. 3 .  



The statistical characteristics described above are a Set of 
informative diagnostic characteristics for other condition para- 
meters of a gear drive, and they facilitate making a mathematical 
model of gear meshing more precise, as well, 
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THE USE OF BISPECTEA FOR PURPOSES OF ACOUSTICAL DIAGNOSTICS 

F.Ya. Balitskiy, M.D. Genkin, M.A. Ivanova, and A.O. Sokolova 
(Moscow) i d  a 

4 

In a diagnostic examination, it always is useful to ex~ract i 

from the entire volume of information included in a visualization f 
of a vibroacoustical process that part which reacts most sharply f 
to change in the condition parameters of the diagnostic object. i 
Most often, the frequency range of the examination is limited. 

In a number of cases, a prior1 determination of the informa- 
tive sections of the spectrum presents great difficulties; there- 
fore, additional information is necessary. Thus, for example, in 
matheinatical modeling of such objects of diagnostics as a gear drive, 
the accuracy of the linear approximation or degree of nonlinearity 
of this vibrational system must be estimated. To estimate the 
degree of nonlinearity of the system, for example, by the disper- 
sion ratio [l] over a wide frequency range is inadvisable, because 
of the great magnitude of error. At the same time, for an esti- /I39 i 

- ,  

mate of the degree of nonlinearity in a narrow frequency band, 
frequency subranges must be chosen, in which it is expedient to 
make such an estimate. It is proposed to use a bispectral analysis 
of 2,3 vibroacoustical processes for this. 

If a random process can be considered as the linear superposi- 
tion of statistically independent components, the power spectrum 
(two-dimensional characteristic) is adequate for its complete char- 
acterization: Y 

! 

where B(T) = x(t)x(t + t )  IS a unidimensional correlation function, 1 

and t 

I 

In nonlinear systems, the spectrum becomes nontrivial, dif- - /I40 
fererit combination frequencies appear and the interrelation of 
different portions of the spectral range can be detected by the 

i 
bispectrum, a three-dimensional frequency characteristic: 

J 



- -. 
Here, B ( : l .  : ~ I = . V ~ I I X ~ I T : ~ I . V ( I ~ : ~ \  

is a two-dimensional correla- 
tion function. 

The results of a bi- 
spectral analysis of vibra- 
tions produced by a 111 8 
experimental reducer stand, 
with a spur gear single- 
stage transmission, in the 
mode n = 700 rpm, at various 
values of the loading torque 
(pl = 100 kg-m, p2 = 250 
kg-m), are shown in Figs. 
1 and 2. The frequency /I41 

, count numbers are laid out 
along the coordinate axes, 
at 156 Hz intervals and the 
tooth frequency harmonics 
fZ are designated; the level 
lines are represented on the 
sheet. The pole projections 
on the coordinate axes indi- 
cate the interacting fre- 
quencies of the vibration 
spectrum, and the bispectrum 
amplitude in the pole char- 
acterizes the magnitude of '' the connection between 

Fig. 1. frequencies. 

A mode, for which the system studied can be considered as 
linear (the bispectral function maximum is observed only at the 
exciting frequencies), is indicated in Fig. 1. The appearance of 
a series of combination frequencies, which are the result of non- 
linear interaction of the tooth frequency harmonics and the excicing 
frequencies of the ball bearing support, are evident in Fig. 2. 



I n  t h i s  manner, i n  
t h i s  mcde of o p e r a t i o n  o f  
t h e  r educc r  s t a n d  ( p  - 250 
kg-m), t h e  v i b r a t i o n s  o f  
t h e  system have a c l e a r l y  
n o n l i n e a r  n a t u r e ,  and t h e  
two-dimensional s implex  
(F ig .  2 )  p e r m i t s  s p e c i f i c  
f requency  bands t o  he s e l e c -  
t e d  l o r  q u a n t i t a t i v e  es t i -  
mates of  t h e  deg ree  o f  
n o n l i n e a r i t y  by o t h e r  wel l -  
known methods [l]. 
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USE 3F THE DISPERSION RATIO IN ESTIMATING 
1 

THE NONLINEAR PROPERTIES OF AN OBJECT OF DIAGNOSIS : 
r. 

F.Ya. Balitskiy, M.D. Genkin, M.A. Ivanova, A.A. Kobrinskly, 
and A.G. Sokolova 

(Moscow) . 

between signals x st the inlet and y at the outlet of the obJect. 
The dispersion ratio defrnes the degree of functional connection 

157 

One of the most significant moments in the process of diag- 
nosing the condition of an object by its vibroacoustical charac- 
teristics is the construction of a mathematical model of the 
object and estimation of those parameters of this model (i.e., 
corresponding to the coefficients of the equations), direct meas- 
urement of which is i~?ossible, for one reason or another* In 
those cases, when the aathematical model is described by a system 
of linear differential equ~tions, che method of determination of 
such coefficients hzY been developed in sufficient detail [I]. 
However, the question as to whether or not a linear mathematical 
model describes the characteristics of the ob.1ect being examined 
sufficiently well is fundamental in a number of cases. The basic 
factors determining the nonlinear properties of an object are /I42 
the rePationships of certain of its parameters or acting forces 
to its condition, i.e., the vector of the pliaso coordinates of 
the object. 

There is significant interest in estimating the nonlinear 
properties b f  such complex objects of diagnosis as gear drives. 
A relation of the rigidity of the meshing to wheel position, the 
generation of shock pulses upon entry of the teeth into the m e ~ h  
[21 an(' significantly norillnear vibroshock niodes of motion, con- 
nected with systematic wear of tho profiles of the meshing teeth 
1 3 ,  41 can be observed in them. Direct measurement of the forces 
of interaction of the teeth arising during operation is impossible 
for gear meshing, as a consequence of which, data of the diagnostic 
analysis is restricted to only the vibrations of the gears stimulated 
by these forces, which can be considered as a vibroacoustical sig- 
nal at the sy: tem outlet. 

Known methods of estimation of the nonlinear properties of 
an object have been developed for automatic control systems, 
based on measurements of the so-called dispersion patio [53  



between random va lues  of  x and y ( 2 t  q = 1, we have an exac t  
i f u n c t i o n a l  r e l a t i o n s h i p  y  = f(x)), i n  d i s t i c t i o n  from t h e  cor-  
i r e l a t i o n  c o e f f i c i e n t  Rxpr  which d e s c r i b e s  t h e  e x t e n t  of t h e  
5 l i n e a r  connect ion of  t h e s e  va lues .  The d i s p e r s i o n  r a t i o  l i e s  

i n  t h e  range 

t h e  r e l a t i o r s h i p  between t h e  va lues  of x  and y i s  l i n e a r  at qXp = 
= I R ~ ~  1 . Considering t h e s e  p r o p e r t i e s  of t h e  d i s p e r s i o n  r a t i o ,  
we determine t h e  degree  of n o n l i n e a r i t y  of t h e  o b j e c t  of  c o n t r o l  
by t h e  connect ion of t h e  s i g n a l s  a t  t h e  i n l e t  and o u t l e t  i n  t h e  
f c l lowing  manner 161: 

S i m i l a r l y ,  t h e  degree of n o n l i n e a r i t y  of t h e  d i a g n o s t i c  o b j e c t  
can be determined by two output  s i g n a l s ,  i f  t h e  two corresponding  
o u t l e t s  a r e  sepa ra t ed  by a  term, t h e  l i n e a r i t y  o f  which i s  hypo- 
t h e t i c a l .  I n  t h e  l i n e a r  c a s e ,  Eq.  ( 2 )  becomes ze ro  and, w i th  s i g -  
n i f i c a n t  n o n l i n e a r i t y  of t h e  o b j e c t ,  vyx d i f f e r s  s h a r p l y  from zero .  

An expe-aimental i n v e s t i g a t i o n  f o r  e s t i m a t i n g  t h e  n o n l i n e a r i t y  - /143 
of a d i a g n o s t i c  o b j e c t  was c a r r i e d  out  on a s i n g l e - s t a g e ,  spur  
gear reducer .  The l i n e a r i t y  of  t h e  p r o p e r t i e s  of  spur  
gea r ing  ( i n c l u d i n g  t h e  l i n e a r i t y  of  i t s  mode of o p e r a t i o n )  was 
t e s t e d .  T o r s i o n a l  v i b r a t i o n s  o f t h e d r i v e n  wheel and t r a n s v e r s e  ( t o  
t h e  meshing p l a n e )  v i b r a t i o n s  of t h e  d r i v e  wheel on i t s  suppor t  
were taKen a s  t h e  two ou tpu t s  of t h e  o b j e c t  t o  be analyzed.  The 
r e s u l t s  o f  t h e  i n v e s t i g a t i o n  showed t h a t  t h e  degree of  n o n l i n e a r i t y  
o f  a  reducing  gea r  i s  e s s e n t i a l l y  connected wi th  i t s  o p e r a t i n g  mode, 
so  t h a t  d i f f e r e n t  mathematical models of i t  can correspond t o  d i f -  

I 

f e r e n t  va lues  of t h e  system parameters .  

t 
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A USE OF REGRESSION ANALYSIS I N  ACOUSTICAL DIAGNOSTICS 
OF GEAR DRIVES 

F.Ya. B a l i t s k i y ,  M.D. Genkin, M.A.  Ivanova,  A . A .  Kobrinskiy,  
and A . G .  Sokolova 

(Moscow) 

The most compl ica ted  t i m e  i n  d i a g n o s t i c s  of  g e a r  d r i v e s  i s  
t h e  comparison o f  a mathemat ica l  model of  t h e  g e a r i n g  and t h e  
f o r c e s  a c t i n g  on i t .  Although a whole s % ? r i e s  of  works [l, 2,  31 
have been devoted t o  e x p l a n a t i o n  of  t h e  n n t u r e  o f  t h e  e x c i t a t i o n ,  
t h e r e  s t i l l  i s  much confus ion  h e r e .  For  txample ,  i n  t h e  v i b r a t i o n  
s p e c t r a  o f  g e a r i n g ,  t h e  ampl i tude  o f  t h e  second harmonic /145 
(and sometimes t h e  harmonics of  h i g h e l r ' o r d e r s )  ve ry  o f t e n  con- 
s i d e r a b l y  exceeds t h e  ampl i tude  o f  t h e  f i rs t  harmonics,  which i s  
de te rmined  b a s i c a l l y  by  t h e  form of  t h e  e x c i t i n g  p u l s e s .  Thus, 
a s tudy  of such components o f  t h e  v i b r a t i o n  spec%rum a s  t h e  
f i l t e r e d  f i rs t  x l ( t )  and second x 2 ( t )  harmonics of  t h e  t o o t h  
f requency  f ,  p e r m i t s  i n f o r m a t i o n  t o  be ob ta ined  on t h e  p h y s i c a l  
c h a r a c t e r i s t i c s  o f  t h e  v i b r a t i o n  e x c i t a t i o n  p r o c e s s  and an  approach 
t o  be made t o  comparison of  models o f  t h e  g e a r i n g .  It was proposed 
i n  ( 4 )  t o  u s e  t h e  methods o f  g e n e r a l  c o r r e l a t i o n  t h e o r y  f o r  s o l u t i o n  
cf such problems. 

Regress ion  a n a l y s i s  o f  two random p r o c e s s e s  x l  and x2 ( i n  t h e  
band A f  = 0.06 f,) has  shown a s t r o n g  dependence o f  t h e  second 
harmonic on t h e  firsv and independence o f  t h e  first from t h e  second 
(F ig .  1). The n a t u r e  of  change i n  t h e  r e g r e s s i o n  l i n e  x2 (x l ) ,  w i t h  
change i n  l o a d i n g  moment P ,  g i v e s  r i s e  t o  t h e  i d e a  o f  a v a r i a b l e  
phase s h i f t  between t h e  f i r s t  and second harmonics.  

I f ,  f o r  s i m p l i c i t y ,  d i s c u s s i o n  
1 i s  r e s t r i c t e d  t o  t h e  s i n u s o i d a l  

f u n c t i o n s  x l  = cos  w t  and x2 = 

9" ! 

i 
r 

! 
i e 
I 
I 

i t 

- ,  
= cos  ( 2 o t  + $J), x2 . X I )  = (2x2 - 
- 1 )  cos  $. The f ami ly  of  r e g r e s s i o n  - l i n e s  f o r  d i f f e r e n t  v a l u e s  o f  t h e  

/ 
x 19; phase s h i f t  a n g l e  $ ( r e l a t i v e  t o  t h e  

3 
0 

p e r i o d  o f  t h e  second t o o t h  f r equency)  
o ~ I X ]  i s  r e p r e s e n t e d  i n  F ig .  2.  From a 

3 
0 0 comparison of  F i g s .  1 and 2,  we 

4 6 6  o b a a  o b t a i n  s r e l a t i o n s h i p  (w i th  s p e c i f i c  
3 o assumpt ions)  of  t h e  phase s h i f t  a n g l e  

between t h e  two harmonics of t h e  
%;*A v i b r a t i o n  p roces s  ( s e e  F i g .  3 ) .  

0 
0 
o The data  o b t a i n e d  a r e  used f o r  
o comparison o f  models o f  v i b r a t i o n  

e x c i t a t i o n  i n  t h e  r e d u c i n g  g e a r .  

F i g .  1. 



1 
Fig. 2. 

Fig* 3 .  
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DIOXTAL MODELTNG OF VZBROACOUSTfCAL PROCESSES 
QENERATED BY GEARING 

F.Ya. Balitskiy,  M.D. Oenkln, A.A. Kobrinskiy, and A.G. Sokolova 
(Moscow) 

Vibroacoustical processes generated by transmission gears are 
caused by the  simultaneous e f f e c t  of a number of fac tors ,  which 
are d i f fe ren t  I n  t h e i r  mechanical natures, on gearing 11, 21. For 
acoust ical  diagnostics of mechanlsms with gear dr ives ,  a de ta i l ed  
study of the  ef fec t  of each of theae fac to r s  on the  vibroacoustic 
processes 1s necessary. Z t  1s convenient t o  carry out t h e  invest i -  
gation by the  mathematical madellng method, which leads t o  t h e  
necessity f o r  construction of a mathematical model of a transmission 

taking account of the  s t a t i a t l c a l  nature of the exci ta t ion  
f::h 

Problems of analog modeling of v1broacoustical processes, 
assdtdng the determinative nature of the exci ta t ion ,  were developed 
i n  [5; 6 1. 

We l i m i t  ourselves t o  analysis  of t h e  high frequency components 
of the  vibroacoustlcal process generated by sour gearing. 
In  t h i s  case, t h e  basic f ac to r s  i n  vibrat ion exci ta t ion  a re  p r o f i l e  
e r ro r s  i n  the gearing, var iable  r i g i d i t y  of the gearing, and e r r o r s  
i n  the  basic spacing and deformation of the  tee th ,  as well, leading 
t o  col l i s ions  a s  the  t e e t h  mesh. The act ion of these fac tors  is  
steady, it is  repeated w i t h + t h e  frequency of meshing of the  t e e t h  
and, i n  addition,  is  di-erent f o r  each pair of meshing tee th .  The 
periodic vibrat ions of s p u r  gear wheels, wi th  periodic excita- /I47 
t ion ,  a s  a conseqatnce o r  t h e  e f f e c t  of each of these fac tors ,  has 
been studied i n  a number of works [6--101. We present equations, 
describing the  tors ional  and transverse vibrat ions of pa i r s  of 
gear wheels when meshing, wi th  accou~rt taken of the  f l e x i b i l i t y  
of t h e i r  supports (Fig. 1): 

I ,  +r l  It, .\'+ r ,  [r, (11s - F ( r ) ] =  0 

wr,~l+Irlj . l+h, . i+clj .t+c,(r~.~- F ( t ) = O  

1 2 ~ r + r f 1 3 . i + r 2 [ ~ s ( ~ ) ~ - F ( t , ] = 0  

I ~ ~ ~ ) : , + I I , ~ , - ~ ~ . ~ + C ~ ~ , - C ~ I ~ ) S + F ( I ~ = O  1 
Here, x = + rl + O r2 + y - y2 - A(t) is  the  nagnltude of B 1 deformation of t e gear ng; c & t )  is  the  var iable  r i g i d i t y  of t h e  

gearing; A(t) I s  t h e  g e a ~ i n g  p r o f i l e  e r r o r  function; and F( t9  $8 
a function describing the  impact Interact ions of the tee th .  



To p l o t  t h e  e x c i t a t i o n  funct ion,  we 
d iv ide  t h e  time a x i s  i n t o  i n t e r v a l s  of moments 
ti, corresponding t o  t h e  engaging and disen- i 

gaging of successive t e e t h ,  

(2)  t , , = T ( i + t - I  ). t ~ ~ + ~ = i ~ ,  +T(l  -c) ,  

Fig. 1. 

where T = 2+/f i s  t h e  gear  meshing period and E i s  t h e  period of 
con tac t .  The Function c g ( t )  assumes constant  values c 1  and c' i n  
t h e  one-pair and two-pair meshing i n t e r v a l s .  F ( t )  i s  a d e l t a  
funct ion,  synchronized with moments t 2 i  of t oo th  engagement, equal  
t o :  

a 1 F ( t )  = Fe 8 ( t  - tsi). I 

i - 1  i 1 

! 
\ 

The magnitude of t h e  shock pulse  upon engagement of a t oo th  1 
can be determined by formulas [7]. This  magnitude depends on t h e  
gear wheel spacing e r r o r  and deformation of t h e  t e e t h .  The func t ion  1 

A(t ) ,  descr ib ing  t h e  p r o f i l e  e r r o r s  of t h e  gear ing i s  i n  harmony ! 

with t h e  frequency determined by t h e  number of t e e t h  i n  t he  indexing j 
wheel used i n  manufacture of the  gears.  

: 

Plot tdng of t h e  amplitude-frequency cha rac t e r i s t j - c s  of  system I 

(1)  and t h e i r  comparison w i t h  similar c h a r a c t e r i s t i c s ,  obtained 4 1 I 

experimentally f o r  a p a i r  of sour gear wheels, permits  t h e  i n e r t i a l -  
r i g i d i t y  parameters of t h e  system t o  be p rec i s e ly  spec i f i ed ,  according 1 
t o  t he  frequencies of t h e  fundamental s p e c t r a l  components, and t h e  i d i s s i p a t i v e  parameters and amplitudes of t h e  e x r i t i n g  fo rce s ,  by 
t h e  i n t e n s i t y  of t he se  components [5]. 1 

I;? f a c t ,  funct ions  c ( t ) ,  F ( t )  and A( t )  i n  system (1 )  a r e  
random, as a r e s u l t  of wh 1 ch, v ib ra t i ons  of t h e  continuous com- 
ponents appear i n  t h e  spectrum. A s i g n i f i c a n t  f e a t u r e  of t he se  
random funct ions  i s  t h e  f a c t  t h a t  they a r e  determined by t h e  /I48 - 
sequence of time i n t e r v a l s ,  corresponding t o  t h e  meshing of d i f -  
f e r e n t  t e e t h .  Thus, these  funct ions  can be modeled b, d i g i t a l  com- 
pu te r ,  with a succession of r e a l i z a t i o n s  of random va 1 ues generated 
by a random numbers generator .  Subsequent s t a t i s t i c a l  processing 
of t h e  random v i b r a t i o n a l  processes produced by t h e  computex* [ 3 ,  4 1  
permits  t h e  s t a t i s t i c a l  r e l a t i onsh ips  of t h e  e x c i t a t i o n  processca 
t o  be determined and t echn ica l  measures t o  reduce t h e  noise  l e v e l  
of gear t ransmiss ions  t o  be proposed. 
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A L L ~ R I T H M  FOR PROCESSING VIBROACOUSTICAL SIGNALS, 
FOR THE PURPOSE OF EARLY DETECTION OF CHANGE I N  

CONDITION OF A MACHINE 

V. I. Povarkov 
(Moscow) 

A s  experience has shown, a change i n  t h e  condi t ion of a  
machine, t h e  ?.ppearance of a f a u l t  o r  wear of a p a r t ,  l e ads  t o  a 
change i n  t h e  v ibroacous t ica l  s i g n a l s  of t h e  machine. Therefore, 
d iagnos t ics  of  t h e  condi t ion of a machine c o n s i s t s  of comparison 
of re fe rence  vibroacQust ica1 s i g n a l  curves of  t h e  machine with 
t h e  cur ren t  ( i nves t i ga t ed )  c h a r a c t e r i s t i c s .  

However, s i nce  v ibroacous t ica l  s i g n a l s  of a  machine a r e  random 
processes and t h e  ana lys i s  time f o r  t he se  processes Is r e s t r i c t e d ,  
only an es t imate  of t h e  c h a r a c t e r i s t i c s  of t h e  s i g n a l s ,  which, i n  
t u rn ,  have random values ,  can be obtained. Therefore, wi th  small 
d e f e c t s  i n  the early s t ages  of development, l ead ing  t o  s l i gh t  
changes i n  t h e  v ibroacous t ica l  s i g n a l s  and t h e i r  c h a r a c t e r i s t i c s ,  
t h e  quest ion can a r i s e  ss t o  whether one change o r  another ,  f o r  
example, i n  t h e  s p e c t r a l  o r  c o r r e l a t i o n  c h a r a c t e r i s t i c s ,  i s  con- 
nected w i t h  t h e  random nature  of t h e  s i g n a l s  o r  w i t h  t he  appearance 
of a  de fec t ,  i . e . ,  comparison of these c h a r a c t e r i s t i c s  must be 
approached from t h e  p robab i l i t y  pc in t  of view. 

Let X i j  be a c e r t a i n  es t imate  of t h e  i - t h  s t z t i s t i c a l  charac- 
t e r i s t i c  ( f o r  example, s p e c t r a l  o r  c o r r e l a t i o n )  a t  point  3 .  The 
d i s t r i b u t i o n  funct ion of t he  random values X i j  t ends  towards M e  
normal, with increase  i n  i n t e g r a t i o n  time o r  number of inde dent  
samples. Therefore, it can be assumed t h a t  random values X~~~ 

/ r r \  

( reference condif i on )  and x;:) ( t h e  condi t ion i nves t i ga t ed )  a r e  
d i s t r i b u t e d  according t o  t he  normal law and that t he  magnitudes 
of t h e i r  d i spers ions  a r e  i d e n t i c a l  and equal  t o  0 % .  

(2  Then t h e  magnitude yij = X i j  a l s o  w i l l  be d i s t r i b u t e d  - Xij  
normally and have a mean ~ [ y ~ ~ ]  m 0,  i f  t h e  mean X i j  and x;:)are 
i d e n t i c a l  ( i . e . ,  t h e  condi t ion of t he  machine has not changed), 

and x.$) a r e  d i f f e r e n t  ( i . e . ,  or ECyijI - a # 0, i f  t h e  mean Xil 
th: condi t ion of t h e  mechanism has chan and t h e  d i spe r s ion  i s  
2u2: That i s ,  t h e  hypothesis  - 0 must be t e s t e d  
aga ins t  complex a l t e r n a t i v e s  K, t h a t  = a f C ,  where t h e  
value of  a i s  unknown. If t he  values of y i s  bJ known prec i se ly ,  the.#eyman-Pearson c r i t e r i o n  can be use as t h e  
most powerful i n  t e s t i n g  t he  hypotheses of t h e  magnitude of t h e  
mean value.  I n  conformance with [2], t h e  hypothesis  i s  r e j e c t e d  
a t  a s e l ec t ed  l e v e l  of s ign i f icance ,  i f  



Here n i s  the  number of samples o r  number of degrees of freedom of 150 C t he  random values of y i ~  and Xu i s  a l e v e l  se lec ted  from the  equal1 y 

where P H ~  (yil 2 Xa) i s  the  p robab i l i t y  t h a t  y i j  has a value 2 Xu 
when hypothesis Ho i s  co r r ec t .  

(1 However, a s  a r u l e ,  t h e  d i spers ion  of values Xil and xi:' i s  
not known prec i se ly ;  perhaps only c e r t a i n  sample d i spers ions  of 

2 these  values and SX(2) were measured. Therefore, t o  t e s t  t h e  
hypothesis of t h e  d i s t r i b u t i o n  of t he  means, it Is necessary t o  
rest on t h e  c r i t e r i o n  constructed according t o  the  Student metht9d 
C31. If and a r e  c e r t a i n  sample mean measured character-  

i j 
i s t i c s ,  t he  following s t a t i s t i c  i s  formed 

having a Student d i s t r i b u t i o n ,  w i t h  a number of degrees c f  freedcm 
K = 2(n - l), where n i s  t h e  number of samples of t he  meamred 
values. Hypothesis Ho i s  r e j ec t ed  i f  tij exceeds a c e r t a i n  l e v e l  
tk,a i n  absolute  value: 

depending on t h e  s e l ec t ed  l e v e l  of s ign i f icance  of a and the  number 
of degrees of freedom k. 

Therefore, t h e  algori thm f o r  comparison of s t a t i s t i c a l  charac- - 
t e r i s t l c s  can be  seduced t o  measurement of sample means x ' ~ '  and i J  
TIT and sample d i spers ions  s : ~  and s2 t o  formation of s t a t i s t i c  

13 ' 
"4 according t o  formula (3 )  and comparison with  the  se lec ted  
t h  eshold and so lu t ion  adopted. 



Such a comparison must be caF~ied out over several most 
informativo points 3 .  

The apectral characteristics of vibrations of an aircraft 
engine were processed, during an imposed defect, simulating partial 
breaking awhy of the blades. In this case, the integration time 
was ~1 sec, the number of samples n - 10 and the level of signifi-a 
cance a = 0.2. 

The use of statistic t gave a clear spread of the spectrogram 
in this case, which was not noticeable during a simple visual 
examination. 
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METHOD OF STUDY OF THE POSSTBTLTTY OF PR,EDTCTINQ 
THE QUALTTY OF TREATMENT I N  POLISHTNQ 

BY Vl!BROACOUSTlCAL PROCESSES 

V.V. Trubnikov and B.Ye. Solotov 
(Kuybyshev) 

One of the  m J o r  parameters of q u a l i t y  of pol ishing i s  devia- A 

t i o n  from roundness of t h e  p r o f i l e  of t h e  t r e a t e d  sur face  (wnviness, 
g r a in ines s ) .  Analysis of t he se  dev ia t ions  permits examination of 
t h e  p r o f i l e  a s  t h e  accomplishment of a random process. I n  cacnec- 
t i o n  w i t h  t h i 3 ,  a model of p r o f l l e  formation was a s s~med ,  which i s  
depicted i n  Fig. 1, where SF(W) Is the  spectrum of t h e  d i s tu rb ing  
forces;  Sa(w) is  t h e  r e l a t i v e  epec t ra  of v ib ra t ions  of the  po l i sher  

and the  yart; Sx(w) i s  
the  spectrum of dev ia t ion  
from c i r c u l a r i t y  of' t h e  
p r o f i l e  of t h e  t r e a t e d  
surface;  w l  i s  t h e  APFC $ 6 4 ,  - So (w,) 

"% cf  a closed dynamic system , * . 
of the  pol ishing m i l l ;  and 
w2 is  the APFC of t h e  pro- 
cess  of shaping t h e  p r o f i l e  Fig. 1 
of t h e  treated surface .  .s 

<, 

For experimental i nves t iga t ion  of t h e  process of formation 
of  dev ia t ions  of t h e  p r o f i l e  of the  t r e a t e d  sur face  from c i r c u l a r i t y ,  
an experimental un i t ,  baaed on a po l i sh ing  m i l l  was b u i l t ,  which L 

permitted study a f  the following c h a r a c t e r f s t i c s  of  the dynamic 1152 i 
system of t h e  m l l l  and of t h e  v ibroacous t ica l  processes: o v e r a l l  
l e v e l  and s p e c t r a l  composition of v ib ra t ion  ucce le ra t ions  and vibra- :r 

t i o n  displacements of ind iv idua l  elements of t he  dynamic system of 
t h e  m i l l ;  p rec i s ion  of r o t a t i o n  of the  pol ishing c i r c l e  sp ind le  i n  
t h e  s t a t i c  and dynamic modes of operat ion ( a t  no lcad i n  t h e  pro- 
ce s s  of s e t t i n g  t h e  po l i sh ing  c i r c l e  and i n  polishing!; t h e  na ture  
of t h e  process and s p e c t r a l  composifion of t he  r e l a t i v e  Vibration8 
of t h e  polfshing c i r c l e  and the  p a r t  being processed; t h e  statis- 
t i c a l  and dynamic r i g i d i t y  of Individual  elements of t h e  e l a s t i c  c 
system of t h e  m l l l  ( i n  p a r t i c u l a r ,  of t h e  poli3hing m i l l  sp indle  
assembly); and APFC of t h e  e l a s t i c  system of t h e  s tand.  

'! 

Considering %hat t h e  sp..lrdle aeaemblies a r e  t he  fundamental 
source of di8i;urbance of . high-accuracy pol ishing m i l l s , %  method 
of i nves t iga t ion  of the  e f f e c t  of Individual  parametera of them 
( the  magnitude of the preliminary clearance gap on the  supports ,  
t he  magnitude of the  c learance gap dur ing f i t t i n g  of  the  bearing 
wheels, v ibroacous t ica l  c h a r a c t e r i s t i c s  of t h e  bearings,  masnitude 
of imbalance, e t c . )  on t h e  v i b r o a e o u s t ~ c a l  c h a r a c t e r i a t i c s  of  t h e  
system was develio~sC: beasden t h i s ,  provls ion was made f o r  measure- 
ment of t h e  8pectrum of  the  cl lsturbing forcea,  due t o  the  oper~+,"ron 
of t h e  sp ind le  assembly. 



The experimental d a t a  were processed by a d i g i t a l  computer 
f o r  f u r t h e r  use i n  modeling t h e  process of formation of dev ia t ions  
of t h e  p r o f i l e  of t he  t r e a t e d  s w i a c e ,  Tnterpreta t ion of  the 
experimental and ca lcu la ted  da t a  permits t he  problem of  p red ic t i ng  
t h e  qua l i t y  o i  t h e  treatment t o  be aolved and, subsequently, t he  
problr.em of op t ln~ lza t ion  of the  system t o  be approached. 



THE USE OF CORRELATION RECEIVING SYSTEMS 
FOR DETECTION OF NOISE SOURCES AT SHOKT DISTANCES 

V,V, Tarabar in  
(Moscow) 

The c o r r e l a t i o n  method of  de te rmiza t ion  of t h e  d i r e c t i o n  t o  
a n o i s e  source  i s  widely used i n  hydroacoust ics ,  f o r  n o i s e  dl;-ec- 
t i o n  f i n d i n g  purposes [l], and i n  r a d i o  astronomy, f o r  detzrmina- 
t i o n  of  t h e  l o c a t i o n  of oources o f . r a d i o  wave r a d i a t i o n  [2:. How- 
ever ,  t h e  use  of  t h i s  method has been s tud ied  l i t t l e  f o r  t h o s e  
cases ,  i n  which t h e  c o r r e l a t i o n  r e c e i v i n g  system i s  used f o r  
d e t e c t i o n  of no i se  sources ,  masked by Lsotropq? n o i s e  f i e l d  i n t e r -  / I53  
f e r e n c e ,  at d i s t a n c e s  comparable wi th  t h e  di:st.ance betweer r e c e i v e r s  
[3, 4 ,  51.  T h i s  problzm i s  p a r t  o f  t h e  genera l  problem of l o c a l i z a -  
t i o n  o f  n o i s e  sources ,  on t h e  background of i n t e r f e r e n c e ,  and it 
can be solved by use  o f  sharpl ;  d i r e c t i o n a l  r e c e i v i n g  systems. 

It is  known t h u t  a  system, composed of two microphones, l o c a t e d  
at a f i x e d  d i s t a n c e  a p a r t ,  and a c o r r e l a t o r  i s  d i ~ e c t i o n a l  [l], 
The c o r r e l a t i o n  coefficient betwean t h e  microphone s i g n a l s  a%; 
func t ions  of  o r i e n t a t i o n  of t h e  micropkAones can be considered as 
t h e  d i r e c t i o n a l i t y  c o e f f i c i e n t  of such a system. 

Making a p p r o p r i a t e  assumptions [5], we f i n d  an express ion ,  i n  
conformance wi th  work [ 7 ) ,  f o r  t h e  c o r ~ e l a t i o n  f u n c t i o n  of  t h e  
s i g n a l  of a  source  a t  t f i n i t e  d i s t a n c e ,  c h a r a c t e r i z e d  by me3n 
power S i n  a s e l e c t e d  frequency band A f ,  w i t h  a ualform spectrum, 
which i s  eetermined by t h e  fo l lowing r e l a t i o n s h i p s :  

I I 

I sin [.'??- (p- 4 ' -x  -K she)'] 
R I S .  - - -- - - 

1 I 
I I Sf! e ( p -  -r  , i n o ) ' - ( P + - - c b e ) '  4 ( 1 )  

/ 

I 
hf d 

I_ 
1 xco; [* (k8+: + ~ s i n t ) ) ' - ( P +  T - ~  sin in^)']. 

I 

where 8 i s  t h e  ang le  between t h e  a x i s  of  t h e  base and t h e  d?.rection 2 ii 

t o  t h e  s i g n a l  source$  fc  $8 t h e  mean frequency; c  i s  t h e  3-ate of  
propagation of  sound, and k - r/d.  r 

Assuming A i n  (1 )  t o  be i n f i n i t e l y  l a r g e ,  it can 3~ shown I ; 
t h a t  Eq. (1) ha8 t h e  well-ktown expreaaion i n  t h i s  case ,  ,:- 

; 
3 '. 

-... ~. - 

2 ... ~ . . .. , , . , .. .. . . . >, . -  =, - 1  - + ,  - - - .. . . 
7 

- 



which defines the directionality of the correlation system in detec- 
tioc of a signal of a source at an infinite distance. 

Consc;uently, finiteness of the distance to the source does 
not introduce errors in determination of the direction of the 
sound source. This conclusion holds true for cases when the eirec- 
tion to the source of the noise is at the maximum of the correla- 
tion function obtained by the method of mechanical rotation of the 
base of the receiving sh-tem. If the method of synthetic rotation of 
an immovable base (delay lines) is used, the error in the assumed 
direction to the noise source, the value of which depends on 8 and 
r, must be taken into account. 

To test the p- -  .,bility of determination of the location of /154 
noise source 1, masked by an interference field, by a receiver cor7 
relation system, containing two nondirecti~nal microphones, experi- 
mental studies were carried  at on the directionality of a device 
containing two nondirectional microphones 2, the signals from which 
enter the input of analog correlator 4 through microphone ampli- 
fiers 3 (Fig. 1). The standardized correlation functions at the 
correlator output were measured, as a function of orientation . ?  
the receiving system base to n3ise source 1, at k S 1. 

1 
In determination of the 

direction to a poirt source 

e of wide-band noise, having a 

I 
flat spectrum in the 2000- 
5000 Hz frequency band, in 
accordance with (I), an 

I P f i  -. Dl 2 increase in d improves the directionality of the system; 

I 
' -1  however, in this case, the 

I value of the mea~. output sig- 
nal of the correlator is 

t 
3 3 decreased (Fig. 2a). Change 

in the relative distance from 
I b the base 3f the receiving 
i system to nogse daurce 1 K = 

i i L = rid 1 0.25-1) has no signifi- 
cant effect on the accuracy 

4 of determination of the 
source location (Fjg. 2b). 

v Measurement of the direction- 
Fig. 1. ality of the system in finding 



the direction to a source, radiating a frequency-modulated signal 
at a mean frequency fo = 100 Hz, frequency modulation fl = 4 Hz, 
and at various values of the deviation frequency Af = 100, 150 
and 200 Hz, showed (Fig. 2c) that the directionality of the system 
is considerably impaired with decrease in the width of the uniform 
spectrum of the signal source. 

Fig. 2. 

Investi~acion of the effect of the input signal-to-noise ratio 1 on the directionality of the system (Fig. 2d) permits the conclusion 
to be drawn that satisfactory resxlts can be obtained in detection i 

of a wide-band noise source, if the level of the interference noise i 

field exceeds the signal level by not more than 5-6 dB. The capa- 
city of the receiver correlation system to distinguish sources i 
which are located close t~gether was determined by measurement of i 
the direction to the sources of air jets, radiating a wide-band, 
high-frequency noise. The minimum distance at which well expressed I 
maximums of the correlation functions were obtained was about 50 m, f 

f 
which is in ag-eement with the results presented in [41. Conse- 
quently, a receiver correlation system containing two non- k 
directional microphines can be used in measurements for 10caliza- /156 
tion of noise sources at short distances (K = 1); however, the 



following limitations on its use must be taken into account: 

1. The system is dfrectional only in the plane of the base; 

2. The directional power of the system is impaired with 
decrease in the bandwidth of the noise source spectrum; 

3. The syste~n does not permit unambiguous determination of 
the direction to noise sources, located on both sides of 
the tase line; 

4. The system has a comparatively low output signal-to-noise 
rat lo. 
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NEW PRINCIPLES OF CONSTRUCTION OF 
ELECTROMECHANZCAL VIBRATION INDUCERS 

K.-A.P. Ashmonas, R.Yu. Bansevichyus, A.I. Vaznelis ,  
and K.M. R a g u l ~ s k i s  

(Kaunas ) 

4 
More and more r i g i d  requirements  f o r  long l i f e ,  r e l i a b l e  B 

opera t ion ,  uniform n o i s e  and synchronous opera t ion  o f  i n d i v i d u a l  3 I 
v i b r a t i o n  inducers  are being placed a t  t h e  p resen t  t ime on v ib ra -  
t i o n  machines f o r  i n d u s t r i a l  purposes.  One o f  t h e  b a s i c  causes  
f o r  e lec t romechanica l  v i b r a t i o n  inducers  g e t t i n g  out  o f  o r d e r  i s  

f 
premature l o s s  of o p e r a t i n g  capac i ty  of suppor t  bear ings .  Great  1 
c e n t r i f u g a l  f o r c e s  of t h e  d i sba lances  a c t  on t h e  bea r ings ,  and 
they quickly  wear ou t .  For s o l u t i o n  of t h e s e  problems, e l e c t r o -  i 
mechanical v i b r a t i o n  inducers  o f  high r e l i a b i l i t y  and a low n o i s e  '$ 
l e v e l  were c r e a t e d  and s t u d i e d .  a I 

The v i b r a t i o n  inducer  (F ig ,  1 )  c o n s i s t s  of housing 1 and d i s -  i 

balance r o t o r  2 ,  w i t h  a d j u s t a b l e  d i s b a l a n c e s 3  s e t  on. On t h e  
per iphery  of t h e  housing, ad jacen t  t o  t h e  d i sba lance  r o t o r ,  a - /157 / 
space i s  b u i l t  i n ,  i n t o  which compressed a i r  o r  o i l  under p r e s s u r e  
i s  supp l i ed  through an o r i f i c e  i n  t h e  r o t o r .  A i r  p r e s s u r e  on t h e  
i n n e r  s u r f a c e  of  t h e  housing c r e a t e s  a  d i s t u r b i n g  f o r c e .  Upon 
r o t a t i o n  of t h e  d i s3a lance  r o t o r ,  t h e  c e n t r i f u g a l  f o r c e  a r i s i n g  i s  
equal ized  with t h e  f o r c e  a c t i n g  on t h e  r o t o r ,  caused by t h e  a i r  
p ressure ,  and only a  torque  a c t s  on t h e  r o t o r .  The d i s -  
t u r b i n g  f o r c e  is  given by t h e  p r e s s u r e  o f  t h e  compressed a i r ,  and 
complete unloading of t h e  bea r ings  i s  accomplished by t h e  a d j u s t -  
a b l e  d i sba lances  3 .  

Fig.  1. V i b r a t i o n  inducer .  

The v i b r a t i o n  inducer  (Fig.  2) c o n s i s t s  of  housint- 1, dynamic- 
a l l y  balanced r o t o r  2 and a d j u s t a b l e  e x t e r n a l  d i sha lances  3 .  The 
r o t o r  i s  made wi th  a c y l i n d r i c a l  o u t e r  s u r f a c e  of  varying r a d i u s ,  



Fig. 2. Vibration inducer. 

forming a gap, In the shape of a circular wedge, with the inner 
surface of the housing. During rotation of the rotor, a moving 
zone of increased air pressure arises in the circular wedge gap. - /158 
A disturbing force is created by the air pressure, wnich acts on 
the inner surface of the housing. The active force of the com- 
pressed air on the rotor is balanced with the centrifugal force, 
at approrriate settings of the adjustable external disbalances, 
and only a torque acts on the rotor, 

The air pressurn at individual points on the inner part of 
the housing, the disturbing force on the housing and the force 
acting on the supportswere measured during the investigations. 
Much attention was given to determination of the optimum profile 
of the cylindrical outer surface cf the dynamically balanced rotor. 

Some new methods of synchronization of vibration inducers 
were introduced in the work. The ensurance of synchronization of 
the operation of several vibration inducers, operating in one 
vibration unit, is an urgent problem at the present time. To 
ensure synchronous operation of all vibration inducers, forced 
synchronization, by use of rigid connections, which are bulky, 
short-lived and which create a high noise level, are very often 
used. To eliminate all these deficiencies, a new method of syn- 
chronization of vibration inducers was created. This method uses 
the fact that the synchronizing links are made in the form of 
permanent magnets or electromagnets. 

A diagram of a device for synchronization of vibration 
inducers, operating at any distance apa?t and at any position in 
space, is presented in Fig. 3. The device consists of several 
vibration inducers, driven by asynchronous electric motors. Dis- 
balances 2 are installed on the shafts of vibration inducers 1. 
Electromagnets 3 and 4 are securely installed at a specified (159 
distance from the disbalances. Their windings are connected in 
series and, in this case, electromagnet 4 has supplementary 
winding 5, which is connected to an alternating current source. 



2 
A v a r i a b l e  v o l t a g e  of a fre- 
quency which depends on t h e  
angular  p o s i t i o n  of d i sba lance  
2 ,  is  induced i n  winding 6 of 
electromagnet  4.  I n  t h e  case  . 
of t h e  l e a s t  l o s s e s  (when t h e  
d i sba lance  is i n  t h e  extreme 
r i g h t  p o s i t i o n ,  a s  shown i n  
Fig .  3 ) ,  t h e  vo l t age  on winding 
6 i s  a t  a maximum, i . e . ,  a 
maximum c u r r e n t ,  c r e a t e d  by 
t h e  supplementary magnetic 

Fig .  3. Device f o r  v i b r a t i o n  c i r c u i t  flows i n  t h e  c i r c u i t  
inducer  synchroniza t ion .  of electromagnet  3 .  I n  t h e  

case  when d i sba lance  2 i s  
d i s t a n t  from electromagnet  4 ,  

t h e  c u r r e n t  i n  t h e  winding of  electromagnet  3 has a very smal l  
value.  

The supply frequency of winding 5 must be d i f f e r e n t  from t h e  
frequency of  r o t a t i o n  of t h e  e l e c t r i c  motors,  which always i s  easy 
t o  accomplish, s i n c e ,  i n  the case  of  asynchronous e l e c t r i c  motors, 
they  always a r e  d i f f e r e n t ,  due t o  s l i p .  

Upon s t a r t i n g  up, t h e  v i b r a t i o n  inducers  r o t a t e  wi th  non- 
uniform angular  v e l o c i t i e s ,  because of  s l i p ,  which i s  charac te r -  
i s t i c  of asynchronous e l e c t r i c  motors. Synchronizat ion of the i r  
r o t a t i o n  i s  provided by means of t h e  e lec t romagnets ,  which a l s o  
assist  i n  approaching t h e  resonance zone i n  t h e  s t i l l  unsynchronized 
mode of opera t ions .  

The p o s s i b i l i t y  of producing s t a b l e  synchronous opera t iQn  of  
two v i b r a t i o n  inducers ,  r i g i d l y  fas tened  t o  a s o l i d  body wi th  and 
wjthout a f l e x i b l e  suspension,  was i n v e s t i g a t e d .  It was found 
t h a t  s t a b l e  synchronous opera t ion  ~f t h e  v i b r a t i o n  inducers  i s  
p o s s i b l e  over  a q u i t e  wide range of change i n  t h e  parameters .  
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STRUCTURAL ANALYSIS OF VIBROACOUSTI7AL PROCESSES t 

f d d 
A.P. Gromov, L.L. Myasnikov, Ye.N. Myasnikova, and B.A. Finagin 

(Leningrad) ,I 
f 
d 
1 

The method of automatic identification of acoustical signals, 3 
4 

by means of the segmentation [l], can be generalized and used for i 
investigation of noises and vibrations in machines and mechanisms, z s 
for cybernetic diagnostics. i % 

1? 
The structural analysis consists of presentation of a noise 4 

or vibroacoustical signal as a sequence of segments, determined $ 

by time quantization (if the segment is maintained longer, it is /I60 
recorded again), in which each segment is characterized by s p e c i f i c  ' J spectral characteristics. The structural spectrum is plotted as a 
histogram of the segments, i.e., as s relation of the probability 
density of appearance of a segment to the segment type. It is 
assumed that the conditions of ergodic processes are maintained. i I 

A measuring apparatus ;$as used in the work, which contained I 

an acoustical vibration analyzer, which is a Stseptron (Fib. 1). % 

The Stseptron, as is well known, is a set of optical fiber mechani- 
cal filters; the output ends of the light guides form a matrix, 
which gives an image of the signal(Stseptronogram). A signal is 

* 

supplied to the input from the sound recording of a vibration, r' 

made previously in a machine part; excitation of the Stseptron 
is accomplished through an electrodynamic converter or piezo- 

B electric bimorph. $ 

Observation of the images 
given by this Streptron leads z 
to determinatior of the segment j 
type of each quantizaticn inter- 
val. Usually, the conclusion 
concerning the segment has the 4 
approximate nature of a "guess," 
i.e., an approximate attribu- 
tion of the figure to one class 
or another. A short dictionary 
of reference images of the seg- 
ments (numbering 10) was com- 
p$,led. Tests carried out on 
considerable material (contain- 
ing over 15,000 segments) by 
a team of independently working 

Fig, 1, operators showed that struc- 
tural spectra, plotted on the 
basis of statistics of the 

"guessed" segments, permits the signal to be classified and identl- 
fled with a reliability of not less than 90%. 
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The possibility of automation of the segmentation process was /I61 - 
established. For this purpose, stseptronograms of segments were 
counted by means of a photoelectronic mosaic, conetructed of photo- 
diodes and coded in accordance with the combinatlonsof fields char- 
acterizing the segments, The coded electrical signals serve for a 
digital computer input. The program for compiling the structural 
spectra ccnsists of counting the frequency of each segment, plot- 
ting histograms, comparing them with reference histograms and 
establishment of a diagnostic conclusion. 

There 'is interest in " s e m i a u t ~ r n ~ + ~ s ~  structural analysis of 
vibrations for operations control. A ~cseptron has been developed 
which can be directly stimulated by a vibrating body (Fig. 2). This 
stseptron fulfills the role of a vibroscope; it is equipped with a 
cassette with different masks, which facilitate visual definition 
of the segments. For plotting histograms, the operator uses a 
mechanical counter, pressing the keys corresponding to the dif- 
ferent segments. 

Fig. 2. 

.I 
In many cases, it is 

sufficient to determine the 
two most frequent segments 
for noise classification, 
with determination of which 
of them is most probable. 
Segments with low proba- 
bilities can be disregarded. 1 

This permits an approximate 
judgment on the structural 
spectrum, after a certain 
amount of training, on the 
basis of vi8ual impressions 
of change in the stseptrono- 
grams. 
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SELECTION OF INFORMATIVE PARAMETERS OF 
VIBROACOUSTIC PROCESSES 

L.N. Koshek 
(K~vosibirsk) 

The problem of selection 01' parameters of processes to be 
measured arises during investigation of vibroacoustical processes 
for the purpose of diagnostics or identification of systems, since 
existing identification and diagnostics strategies were ?eveloped 
only fcr finite-dimensional spaces. 

The problem of selection of 1nf.ormative parameters of vibro- 
acoustic processes and construction 3f apparatus for their deter- 
mination are discussed in the report. It is assumed that the 
processes being investigated are structurally uniform.and either 
purely random or contain not very many determinative somponents. 1 '. 

f ':, 
f 

Exhaustive data on the process x(t) is contained in infinite- $ ; dimensional characteristics of the distribution type wn(xl, x2, . . . , 
t), n + -; however, already at n > 2, serinus difficulties arise t 

in obtaining and processing such characteristics. Based on experi- 2 L 

ence in analysis of random processes in the "heories of communica- i 

tions, automation, radio technology and other sciences, it can be $ 
I 
5 assumed that the most useful data on the process x(t) is contained 

in unidimensional characteristics: density w(x) and standardized 
correl.:.tion functions R ( T  ) . + 

1 " 
i 

Within the framework of these assumptions, the problem can 5 

be formulated in the following maniler: to synthesize N functionals I :  
i Bj[x], carrying the most valuable data on the process x(t). i .; 

The requirement that the parameters sought be orthogonal flows 
from the additive property of inforalation dimension I, and the 

1 

problem can be reduced to selection of orthogonal series, which are t; 
suitable for obtaining the "best" estimates of w#(x) and R*(T). In I 

t 1 
estimating the quality of the approximation with the loss functionals ; 
cl[wl, w*] and c2[R1, RN], the synthesis problem is reduced to mini- % 

f 
mization of the mean losses: c 

j i 

V, = inf J C, [w, w*] Y; [d dn . 
r. 'I) (I) 



where tjl[w] and tj2[R] a r e  t h e  c o n t i n u a l  d e n s i t i e s  of  d i s t r i b u t i o n  
of t h e  c h a r a c t e r i s t i c s  w(x) and R ( t )  ( p r o b a b i l i t y  f u n c t i o n a l s ) ,  

It i s  c l e a r  tha"; s o l u t i o n  of problems (1, 2 )  w i l l  d i f f e r  f o r  / I63 
each s p e c i f i c  c l a s s  o f  p rocesses  [ ~ ( t ) ]  and, moreover, w i l l  depend 
on t h e  types  of f u n c t i o n a l s  cl  and c2.  

I n  p a r t i c u l a r ,  t h e  s o l u t i o n  cb ta ined  f o r  a broad c l a s s  of  
v i b r o a c o u s t i c a l  processes ,  having R ( T ) ,  i s  reminfscent  of  t h e  expon- 
e n t ,  and t h e  d i s t r i b u t i o n s  w ( X )  a r e  not  t o o  much d i f f e r e n t  from 
t h e  normal one, The problem wss solved by t h e  numerical method, 
$1 and $2 were given by t a b l e s  compiled on t h e  b a s i s  of  exper i -  
menta l ly  obtained w ( X )  and ~ ( r  j . The approximation rds es t ima ted  
by t h e  f u n c t i o n a l s  

where u2 i s  t h e  d i s p e r s i o n  of t h e  process  being i n v e s t i g a t e d  and 
Tk i s  t h e  c o r r e l a t i o n  index [I]. The Hermite H H ( X )  and Laguerre 
L n ( t )  polynomials turned out  t o  b e  t h e  b e s t  or thogonal  s e r i e s  i n  
t h e  sense  of  ( 3 ,  4 ) ,  f o r  n = 2,  4 ,  6, 8 ,  1 0 ,  and t h e  most informa- 
t i v e  parameters  of t h i s  c l a s s  of  p rocesses  a r e  t h e  c o e f f i c i e n t s  of  
t h e  series produced: 

For de terminat ion  of t h e  necessary  number of  parame2srs N = NB + N, 
and accuracy of t h e i r  measurement, informat ion  value  funct ions  (2 )  
r~iust be synthes ized ,  For w(x) and R ( t ) ,  t hey  t a k e  t h e  follow in^ 
form: v,(I)= v,,-inf J [ inf x 

ZW&) [,,,, fie (U&) 

x I c, [w. I,*] Y; [w]  dw ] Yl [w] dw 
(w&) 



inf x 

The r e e u l t s  of  c a l c u l a t i o n s  f o r  t h e  c l a s s  of processes  being /I64 
examined, obta tned for) t h e  c a s e  when t h e  pe rmiss ib le  va lue  l o s s  
l e v e l s  were assumed t o  be no more than  l o % ,  were reduced t o  a 
t a b l e ,  i n  which t h e  necessary amount 01 d a t a  on each parameter and 
t h e  corresponding accuracy of  measurement A a r e  presented ,  t o g e t h e r  
wi th  a summary o f  t h e  in fo rmat ive  parameters  enumerated. The 
informat ive  parameters  obta ined (5, 6 )  can be used, not  only  f o r  
i d e n t i f i c a t i o n  and d i a g n o s t i c s  of  o b j e c t s ,  bu t ,  n a t u r a l l y ,  f o r  
o b t a i n i n g  e s t i m a t e s  of  w* (l) and R* (r ) . 

TABLE. 

Parameter 6, bl hi t k  00 01 as 

I ( b i t )  9 6 5 5 5 4 3 

The instrument  used f o r  o b t a i n i n g  d a t a  on t h e  parameters  
should con ta in  12 nonl inea r  u n i t s  and in tegr? , to r s  f o r  determtna- 
t i o n  of t h e  c o e f f i c i e n t s  bn and Na of t h e  or thogonal  f i l ters  and 
t h e  m u l t i p l i e r s  and i n t e g r a t o r s  f o r  de terminat ion  of coef&'icients 
a,. An experimental  model of an  instrument  u s i n g  t h e  i d e a  of  
or thogonal  f i l t r a t i o n  (3)  was developed and b u i l t  a t  t h e  Vovo- 
s i b i r s k  E l e c t r o t e c h n i c a l  I n s t i t u t e ,  based on s t andard  analog 
computer components. Experimental t e e t  of  t h e  model demonstrate6 
s a t i s f a c t o r y  va lues  of t h e  accuracy of de terminat ion  of  a l l  para-  
meters ,  wi th  t h e  excep t ion  of  c o e f f i c i e n t  a2. 
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DIQITAL METHODS OF EXTRACTING SPECTRAL CHARACTERISTICS 
I N  A TRANSIENT SIONAL 

/165 
d 

V.K. Maslov, Q 8 A 8  RoZenberg 
(Moscort ) 

An e f f e c t i v e  a lgor i thm f o r  d i g i t a l  s p e c t r a l  a n a l y s i s  of wide- 
band s teady s i g n a l s  was proposed i n  work [21,  on t h e  b a s i s  of  RPF 
(bend-pass f i l t e r s  ) , p e r m i t t i n g  t h e  excess ive  amount of  i n i t i a l  
d e s c r i p t i o n  t o  be s i g n i f i c a n t l y  reduced, as a  r e s u l t  of  t h e  f a c t  
t h a t  a  d i s c r e t e  F o u r i e r  t ransform i s  c a r r i e d  out  on a f ragn~entary-  
l o g a r i t h ~ i c  frequency gr id ,  w i t h  c ~ n t i n u a l  s t o r a g e ,  independent of 
t h e  width of t h e  spectrum and d u r a t i o n  of t h e  ?recesses being 
examined, I n  t h i s  case ,  t h e  dispersion of t h e  s p e c t r a l  estin-btes 
i s  approximateiy uniform over  t h e  e n t i r e  frequency range ,  I n  t h i s  
r e p o r t ,  t h e  use of method [ 2 ]  i s  d i scussed ,  f o r  a n a l y s i s  of t r a n s -  
i e n t ,  random s i g n a l s ,  of t h e  type  

where ~ ( t )  i s  a s t eady  random s i g n a l  and A ( t )  i s  a  s lowly changing 
(by comparison w i t h  t h e  lower frequency spectrum of t h e  s i g i ~ a l )  
de terminate  time funct ion .  

'no a c o u ~ t i c a l  measurements, moving t r a n s p o r t a t i o n  means ( a i r -  
c r a f t ,  automobiles ar,9 t h e  l i k e ) ,  wi th  a s t a t i o n a r y  microphorae, 
A ( t )  has t h e  meaning l / r ( t ) ,  where r ( t )  is t h e  c u r r e n t  d i s t a n c e  
bebween t h e  r a d i a t o r  and t h e  r e c e i v e r .  

It i s  known [l] t h a t  t h e  spectrum af t h e  product of two 
func t ions  equa l s  t h e  package o f  t h e  s p e c t r c  of t h e s e  func t ions ,  
i .e . ,  t h e  spectrum of  t h e  d i .%gnos t i c  s i q n a l  N ( t )  i s  d i s t o r t e d ,  
t h e  more s i g n i f i c a n t l y ,  t h e  l a r g e r  t h e  spectrum of  f u n c t i o n  A ( t )  
d i f f e r s  from t h e  6 f u n c t i o n ,  !he proposed method of  ''steady- 
ing" i s  based on t h e  approximate c a l c u l a t i o n  of c e r t a i n  s t a t i s -  
t i c a l  c h a r a c t e r i s t i c s  of t h e  s i  n a l  k ( t )  over  an i n t e r v a l  of time, 
dur ing  whic9 A ( t )  cpn be assume f cons tan t .  If t h e  mathematical 1 
expec ta t ion  of t h e  p rocess  N ( t )  equala zero,  it proves t o  be 
s imples t  of  a l l  t o  measure t h e  " ~ " v i n g  " d i s p e r s i o n ,  u s i n g  t h e  

1 
1 

s l i d i n g  mean o p e r a t o r  131: 
r I ,+-- 7 

'1- 

= f $ ( t j d t -  As(r)N. (r )d;+ 
t 

'1-y 1,- 7. 
r 

'1+ f ( 2 )  
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On t h e  assumption t h a t  N(t) is steady, i n  the  broad sense of the  1166 
s ignal ,  a h  i a  independent of t i  and the r e l a t i o n  

-4 ( I ,  I = const a,, ( t i )  ( 3 )  
I' . - f ~ t  I- -. 
. , . . ;I-- follows Prom (2) .  The requirement f o r  in te rva l  T i s  contradictory: 

> - -  
% .  %- 
b . \  

a decrease i n  T decreases the  displacement e r r o r  f o r  A(ti), but 
; .: $ leads t o  t? increase i n  the  dispersion of the  estimate om [4]. 
* ' 

-?e s e l e ~  ion of in te rva l  T can be car r ied  out roughly, according 
. . t o  the  c r i t e r i o n  o r  the  number of degrees of freedom K, which is 

recessary f o r  obtaining a c e r t a i n  fixed dispersion of t h e  e s t i -  
+ ~- mates UNT [l] 

where B l o  the  frequency bandwidth of the  i n i t i a l  process. Thus, 
f o r  example, t o  obtain an estimate with a dispersion of *1 dB, 
at a confidence l e v e l  of 805, it i s  required t h a t  K = 63; i f  B = 20 
kHz, 

In the  majority of p r a c t i c a l  cases, during such an in te rva l  of 
time, it can be considered t h a t  A ( t )  i s  unchanged. 

The procedure f o r  analysis  of a t r w i e n t  s ignal  ( I ) ,  w i t h  
known Acti), i s  reduced t o  analysis  of the sequencg$ of segments 
o r  the  s ignal  

For an estimate or t he  degpee of co~x+espondence between the spec- 
trum o f  t he  steadied sfgnal (51 %nd the  spectrum of t h e  i n % t i a l  
steady signal N ( t  1, a speot ra l  analyst  8 ,  wi th  resolving powera 
of 1/24, 1/12, 116 and 1/3 octaves and a modulating functlon of 
t h e  type 



where T is the total length of the realization analyzed, A0 = const 
&-id a is a parameter, is carried out an a BESM-4 digital computer, 
by means of an inverse algorithm [2]. The signal N(t) was pre- 
sented as the sum of a steady random signal with a given auto- 
correlation function and five discrete components. For each of 
three values of the parameter a (0, 0.1, 0.5), statistically inde- 
pendent realizations of the signal x(t) were analyzed over ten 
smoothings, in accordance with expression (5). The results of the 1167 
processing of the spectral estimates sampled showed that their 
dispersion, for the process N(t), corresponds to the theoretical 
values [81 and is indepenPent of A(t ) . The mean values of the 
estimates of the spectra, at values of parameter a = 0.1 and a = 
= 0.5, were practically indistinguishable from the values obtained 
at a = 0 (steady signal). Only in the 1/24 and 1/12 octave bands, 
adjacent to bands into which the discrete components enter, is a 
certain positive displacement observed, on the order of 1-3 dB, 
due to "washingn of the discrete components, caused by modulation. 
As should be expected, this 3isplacement increases with increase 
in a, i.e., with increase in the rate of change of the signal 
envelop. 



VIBRATIONAL SENSTTTVXTY OF A MEASURING INSTRUMENT 
AND METHODS OF TNCREASTNO THE ACCURACY OF TTS DETERMINATIONS 

Yu.S. Mironcv 
(Leningrad ) 

The properties and peculiarities of two groups of measuring 
systems reacting to vibrations are discussed. 

The results of the action of a three-dimensional, cophasal, 
monoharmonic vibration on the linear system of a measuring instru- 
ment were analyzed. FOP a change in the instrument reading, the 

1 

following relation was obtained: u = grad u $, where R = grad u , 
F =  {x ,y,z) are the vectors of the vibration sensitivity of the 
instrument and of the vibration action. Ways to decrease or 
increase u were examined In the cases-when the vibrations are the 
acting or measured values, respectively. In measuyement of the 
vibrations, on the basis of the direction of z, the action of - 
the ansverse components leads to a relative error 61 = (Fx *KXy)/ 

I u z . v n  order that dl ?. 0, it 1s neeessar: and sufficient thgt 
I 
I i 

In experimental determination of a, monotonic oscillations 
should be given successively in the directions x, y and z, deter- 
mining ux, uy and uz by the known method. However, this leads to 
considsrable error, in connection with inaccuracy of the expgri- 
mental means. To increase the accuracy b.:determination bf K for - /I68 
linear systems, it is proposed to measure u and the components 
{xi, 3'1, zi3 in succession, by rotation of this instrument in the 
X, Y and Z directions, and then by compiling a system of equations, 
which is written, in matrix form 

Q n c e  -and u are round by experiment, at R + 0, K - u.pl I s  
dl4temined. 

Let us exmlne the error d2 In determination of  the vibra- 
tion sensittvlty, dwfng teats of the instrument, $or which the 
vlbratisn is affecting the value, by a unidirectional vibratlon 
action, In the oase of the pre8ence or nonlinear distortions. 
Together with the basic slgnal wlcas21rvlt, let wf cos2rv2t act, 
in which wl 5 2w2 and v2 $ nvl, where n is a who e number and 



1 vl 2 1C Hz. The following is obtained in this case 
I 

where 821 is the ratio of the sensitivities of the instrument at 
v2 and vl. At w2 = 0 and in the nontrivial case, with 

the error 62 = 0. Thus, for example, this takes place at 

Ell2 = b and Z?,O,45. 

A method for decrease in the error 62 also was proposed. 

The connection between vibration sensitivity and vibration 
resistance was analyzed, for instruments not measuring vibrations; 
known and propssod new criteria for estimates of vibration resis- 
tance were analyzed. The form for expression of the results of 
tests of vibration resistance was given. Experimental data wore 
presented on decreasing the errors in nonlinear systems during 
vibrat ions. 
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)Ib;ASUREMENT OF THE VZBRATION OF STRUCTURES 
'WPTH A THREE-COMP3NENT VIBRATION SENSOR 

/169 

V.V. Yestkov, V.S. Konevalsv, and A,$. NiklFsrov 
(Leningrad) 

A method is described for measurement of transverse displace- 
ments of a plate, caused by transverse waves, and longitudinal 
displacements, caused by the total effect of' longitudinal and 
transverse waves, by means of a three-component vibration sensor. 

Limitatians arising du~ing measurements of the relationship 
of displacements of a plate, caused by transverse and longitudinal- 
trans:l'erse waves are : 

1. Connection of the vibration sensor to the plate studied 
leads t~ change in the t~ansverse displacement of points on 
the SUB .ace of the plate, due to the finite impedance of the vibra- 
tion .$: 80r [2]; 

:. 
2. The vibration sensor has a finite magnitude of selectivity, 

with respect to vibrations, accomplished in the direction of the 
axes of different channels of the vibration sensor; 

3. Longitudinal displacemerlts of the plate surface, caused 
by transverse waves, create a restriction on the relative sensi- 
tivity of the vibration sensor to longitadinal-transverse waves. 
This restriction equals 

where h = h + 2H, Ex and e, are the displacements of the plate 
surface in eke longitudPnal and transverse directions, respectively; 
hpl is the plate thickness; H is the ele ation of the vibration 
sensor axis above the plate surface and Ktr is the wave number of 
the transverse waves in the plate; 

4. The transverse displacement of the plate surface during 
propagation of' longitudinal waves, due to the Poisson ratio, also 
creates a restriction sn the sensitivity of the vibration sensor 
to transverse waves. !It equals 

where v Is the Poisson coeificient. 



The region of values of the ratio of the amplitudes of the 
longitudinal (Ex and Ey) and transverae ( E z )  displacements of 
the surface of a plate 20 mm thick, characterleing the ratio of 
the amplitudes of these displacements, caused by longttudinal- 1170 
transverse and by transverse waves, la shown In Fig. 1. The 
measured ratios €,/6, and E /EZ cannot be sufficiently reliably 
applied to the waves referrgd to above beyond the limits of these 
restrlct ions. 

The results of meas- 
urements of the ratios 
Ex/Ee and Ey/Ezs by means 
of a three-component vibra- 
tion sensor, of a struc- 
%ure 20 mm thick, fastened 
parallel to the stiffening 
ribs, at a distance of 50 
cm from one another, also 
are presented as an example 
in Fig. 1. Excitstion was 
accomplished with a wide- 
band noise source. It is 
evident that the amplitudes 
Ex and 5 are close to one 
another 3hd approach E Z  with 
increase in frequency. It 
also is evident that, in 
this case, the results of 
the measurements fit into 
the limitations discussed 
above. 

' 
The ratio of the ampli- 

Frequency, kHz 

Pig. 1. Ratio of the amplitudes of 
longitudinal (ex and 6 ) displacements 
of a plate surface to fransverse ( t z ) :  
1. Ey/Ez; 2. E /E ; 3. restriction 
dependent on sefeceivity of the vibra- 
tion sensor; 4. restr2ction according 
to formula (2); 5, restriction 
according to formula (1). 

tudes of the transverse and 3 
longitudinal vibrations of 
models, which were plates 
various thicknesses, fast- 
ened wi4;h stiffelling ribs, 
were Investigated by meana 
of the three-component vibra- 
tion sensor. Similar meas- 
urements also were carriee 
out on plates without stif- 
fening ribs. 

The dimensions of the models and plates we~eaan-the order of 
70 x 100 cm2,, with thicknesses of 6 to 12 mm. 

The results of the measurements show, in particular, that 
the amplitudes o f  the longftudinal vlbrations increase considerably I / 
and approach the values of the amplitudes of the transverse $ I ; 



v i b r a t i o n s ,  w i t h  t h e  p l a t e s  f a s t e n e d  by s t i f f e n i n g  r i b s .  The r a t i o  
of  t h e  ampli tudes of t h e  l o n g i t u d i n a l  and t r a n s v e r s e  v i b r a t i o n s  i n  
p l a t e s  wi th  s t i f f e n i n g  r i b s  i n c r e a s e s  wi th  i n c r e a s e  I n  frequency. 
T h i s  r a t i o  a l s o  i n c r e a s e s  w i t h  i n c r e a s e  i n  t h i c k n e s s  of  p l a t e s  
f a s t ened  by s t i f f e n i n g  r i b s .  

The r e s u l t s  of t h e  measurements of  longitucl inal  and t r a n s -  
, v e r s e  v i b r a t i o n s  of p l a t e s  i n  c e r t a i n  real eng inee r ing  s t r u c t u r e s  

co inc ide  q u a l i t a t i v e l y  w i t h  t h e  r e s u l t s  of i n v e s t i g a t i o n s  c a r r i e d  
out  on models. 
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METHOD OF ACCOUNTTNG FOR INSTRUMENTAL DISTORTIONS 
DURING OBSERVATION OF SIGNALS 

K.A. Kazlauskas and Ts.Ts. Paulauskas 
(Vil'nyuhj 

A method is proposed in the work for accounting for instru- 
mental distortions in linear systems with known dynamic characteris- 
tics. 

A signal x ( t ) ,  passing through the system, is distorted and 
causes signal y(t) at the outlet. For a linear system, the con- 
nection between signals y(t) and x(t) is described by the packet 
integral : 

e 

y( t )=  k ( t - ~ ) x ( : ) d : ,  
-e 

where k(t) is the pulse transfer function of the system. 

I Applying a Fourier transform to Eq. (l), we obtain 

I where Sy(w) and sx(w) are Fourier images for signals y(t), x(t) and - /172 
1 the function k(t ), respectively. 

From Eq. ( 2 ) ,  we have 

The pulse transfer function of an ideal system fs the 6 function. 

I We reduce expression ( 3 )  to the form 

1 
(4 I ]  s,co,. , S * ( u l = S , ( ~ l t  -7---- [ *,m, 

where the Pactor ( l / R ( w )  ) - 1 characterizes the instrumental dis- 
tortion. Tn proportion to approach to the ideal system, (l/K(w)) - 1 h 
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t ends  toward zero.  I n  p r a c t i c e ,  a s  w + a, ~ ( o )  + 0; consequently,  
l/K(w) i n c r e a s e s  without  l i m i t  and it i s  impossible t c  c a l c u l a t e  
S,(w) p r e c i s e l y  by formula (4 ) .  

A c a l c u l a t i o n  by formula ( 4 )  can be c a r r i e d  o i t  approximately. 
Using t h e  expansion 

. - 
1 -: - ==:+_"+.. .+:n+ ..., 

where (z( < 1, we reduce Eq. ( 4 )  t o  t h e  form 

where 11 - K ( u ) ~  < 1. 

Applying a r e v e m e  Four ie r  t r ans fo rm t o  Eq. (5), we o b t a i n  

I 

4 
where d n ( t )  = 6 ( t )  + [ 6 ( t )  - k ( t ) l  + [6(t) - k ( t ) 1 2 *  + ... + [ 6 ( t )  - [ - k ( t ) j n * ,  6 ( t )  i s  t h e  Dlrac d e l t a  f u n c t i o n  and n* i s  t h e  n-fold 
t a k i n g  of  t h e  packing opera t ion .  1 ? 

According t o  formulk ( 5 )  i n  t h e  frequency r e g i o n  o r  according 
t o  formula ( 6 )  i n  t h e  t ime r e z i o n ,  approximate va lues  of t h e  s i g n a l  3 

x ( t )  a r e  c a l c u l a t e d ,  t a k i n g  account of  t h e  ins t rumenta l  d i s t o r t i o n s .  1 
b 

! Recommendations a r e  presented  as t o  how t o  proceed i n  c a s e s  
when t h e  cond i t ion  11 - K(w)( < 1 is  no t  s a t i s f i e d .  Cases a r e  d i s -  
cussed,  i n  which t h e  s i g n a l  y ( t )  i s  observed i n  a  mixture wi th  
a d d i t i v e  : ~ o i s e .  

An exper imenta l  v e r i f i c a t i o n  by d i g i t a l  compuver showed t h e  
workab i l i ty  of t h e  method, p e r m i t t i n g  t h e  d a t a  c h a r a c t e r i s t i c s  of 
t h e  r e s u l t s  of measurements o r  obse rva t ions  t o  be improved. 

4 
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METHOD OF INVESTIGATION OF VIBROACOUSTIC 
CHARACTERISTICS OF CENTRIFUGAL PUMPS 

B.V. Pokrovskiy, V.Ya. Rubinov, and A.M. Yurgin 
(Moscow) 

A method has been used in acoustical diagnostics of pumps, 
which consists of taking sonograms of the pump, by means of an 
audio spectrograph. In distinction from usual analyzers, the spectro- 
graph makes it possible to obtain a three-dimensional image of the 
signal being analyzed, in which its frequency-amplitude characteris- 
tics developed over time, with a resolving power of 0.004 sec, are 
depicted. As an example, a sonogram of an electrtcally driven pump, 
in the 40-4000 Hz frequency range, is presented in the figure. The 
amplitude ratios are determined on the soriogram by the contrast of 
Individual contours, with an accuracy of 6 dB. 

Fig. 1. 

A comparison of the spectrob..-ams and sonograms of a series 
of experimental pumps, with previously known characteristics of 
the vibrational processes, permitted it to be determined that the 
completely defined uimagesv on the sonogram correspond to individual 
sources of hydrodynamic vibrations of the pump (from irregularities 
in the flow, vortical and cavitation). The possibilities of the 
spectrograph, supplemented by the use of multispeed magnetic record- /174 
ings by tape recorder, were used in investigation of periodic, 
transient processes during flow around the grating of a centrifugal 
pump, leading to the generation of discrete !vibrations at the 

',/ \ 



breaking frequency and i t s  harmonics. 

The r e s u l t s  o f  experimental inves t igat ions  o f  vibroacoustico' 
character i s t i cs  o f  centri fugal  pumps, by means of  the spectrogr:: , 
are evidence o f  the promise of t h i s  method for reveal ing the f i~:*.a-  
mental sources of  v ibrat ions ,  which can be ident i f i ed  by means of 
s p e c i f i c  wimagest' on the sonogram, and t h e i r  st;udy . 
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METHOD OF APPROXIMATE DETERMINATION OF THE 
CHARACTERISTICS OF NONLINEAR VIBRATIONAL SYSTEMS 

rl 
R.P. Atstupenene and V.-R.V. Atstupenzs 

(Kaunas ) 

Methods of determination of the characteristics oi? elements 
of nonlinear vibrational systems, from the reau1t:- of analysis of 
forced vibrations [1,2], are approximate in themselves, since they 
are based on the use of experimental data. The constant components 
of the linearized characteristics and linearization cocfficients 
are determined experimentally by finding the values of thess quan- 
tities at different vibration amplitudes and frequencies and sub- 
sequent approximation of their analytical expressions. Therefore, $ 

& 5 
it is important to have simple and convenient, although approxi- k mate, formulas for determination of the characteristics of vibra- 

! tional systems from experimentally known functions. 
.j. 

If it is assumed that solution of the equation of motion of 
a nonlinear system 

m x r  F , ( X ~ + F ~ ( X ) - E  sinof 

can be written with sufficient accuracy in the form 1 
$ 
i 

(2) x=x,+o sin(olf 9). I 

i 

I 
i 

using the method of statistical linc!arization, we obtain [2] the 1 - 5  3 
following formulas for the constant damping components and elastic 

f forces and the corresponding linearization coefficients: , 

Q I:) : d: 

0 

Here, z = x ,  Z - a for the elastic characteristic and Z = k, Z = ao 
for the damping characteristics, P(z) and Q(z2 are tbe even and odd 



~o.~onents of the characteristic F(z), q(l) is the linearization 
c~efficient, obtained by use of the first approximation criterion, 
conditions of equality of the mathematical expecta i ns and dis- 
persions of the true and a3proximating functions,qt2y is the co- 
efficient of linearization, obtained by use of the second approxi- 
mation criterion, the conditions of the minimum mathematical expec- 
tation of the square of the difference between the true and approx- 
imating functions. 

For determination of the system characteristics from known 
F (2) and q(Z), integral Eqs. (3)-(5) should be solved. In view 
o! the fact that P(z) has a slight effect on the magnitude of q 
(in conformance with expression (5;> this effect is complet 
absent), as well as for obtaining a simpler expression of PTir(z), 
we assume F ( z )  = Q(z) and Fo(Z) = 0 in ~q.(4). Precisz solution 
of these equations gives 

d ZdZ F, (ZI ZdZ Fieb (z) = sign : / --- - [F q (Z)]  7 ~ 5  - -3 :*:+- . d ( F )  
0 0 

For an approximate solution c' integral Eqs. (3)-(5), we use 
the mechanical quadrature formul?:? of V.A. Steklov [33:  

where the residual term 1176 . 

and the more precise formula 
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where the residual term 
4 

5 

f ( " b  (T) R,= - '  at -1<I<1. (11 t 2 ~ 7  2! 
.g 

Af ;er appropriate transformation of the right sides of Eqs (3)-(5) 
and application of formula (8) ,  without the residual term, to them, 
we obtain 

h 
1 Fo(Zj= - 5  [ P ( z ) + ~ P ( ; ) ] .  (12) 

I "  
1 

q ( l : ,  21 = , +; [Qzcz,+ .'Pt(;)]]z ,. (13 
9 

q z  (21- ' 32 [Q(z,+Q (LI1 
\ 2 ! J V  

(14 d 
h : 
1 

The presence of values of functions P and Q, at two valucTs of 
the argument, in Eqs. (12)-(14) namperssolution of these equations 
for the even and odd components of the unknown function. It is 
clear from equalities (12)-(14) that, in the first approximation, 
Fo(Z) depends cn the argument as P(z) and Zq(Z) as Q(z). If functions 
Fo(Z) and Zq(Z) are formed from the basic elementary functions, with- 
out the summing and calculation operations, 

2 

pi:) _ C F* (:) . Q ( : I  -~ - 9 ( : )  . ,  

!. przr ' F.(z) * Q W  =2qOi 

(15) ? , 

. I ( )  -.- #($) B l i ,  
4#(Z) ' Qat2j- 
-- f !  

1 

Taking (15) into account, Eqs, (12)-(14) assume the form - /I77 

[ "" ' ]  1 F - P Z  I i.2 (16 F, t l l  ' 

i 
; 
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and t h e i r  s o l u t i o n  f o r  P and Q becomes elementary. Af te r  subs t i -  
t u t i n g  z f o r  2,  we have: 

Th? f i r s t  term i n  t he se  formulas i s  taken with t h e  s i g n  of  t h e  argu- 
ment, and t h e  argument i n  t h e  second term according t o  t h e  abso lu te  
value ,  because P and Q a r e  even and odd components of t h e  charac- 
t e r i s t i c s  sought,  by d e f i n i t i o n .  

I f  t h e  a n a l y t i c a l  express ions  of  Fo(Z) and q(Z) a r e  formed 
from t h e  sum of t h e  func t ions  of t h e  c l a s s  r e f e r r e d  t o ,  formulas 
(19) and ( 2 0 )  a r e  used f o r  each term sepa ra t e ly ,  and t h e  charac- 
t e r i s t i c s  a r e  determined termwise. 

It i s  evident  f rom~express ions  (8 )  and (g ) ,  t ak ing  (15) i n t o  
account,  t h a t  t h e  approximate formulas (19) and (20) a r e  t h e  more 
accura te ,  t h e  smaller t h e  s i x  de r iva thves  of  Fo(Z) and ~ 2 q ( Z ) .  I f  
func t ion  Fo(Z) i s  expressed by an even, and func t i on  ~ 2 q ( Z ) ,  by 
an  even polynomial i n  Z s t e p s ,  not h igher  t h a n . $ i v e ,  formulas (19) 
and (20j  give t h e  same r e s u l t s  a s  formulas ( 6 )  and (7 ) .  

I f  t h e  accuracy must be increased,  formula (10) can be used /178 
without t h e  r e s i d u a l  term, I n  t h i s  case ,  we ob ta in :  



Making such an assumption concerning the structure of functions 
Fo(Z) and Zq(Z) and carrying out similar actions, we obtain: 

F(2) ( z )  = 3:. (3 sign z - - 
11 s . ( j  , . (-Y- 'j I - *  - 

29 (:I ' 2 q (2 )  

i A 
t 
9 

These formulas are the more accurate, the smaller are 20 derivatives f 
d of Fo(Z) and z~~(z), and, if the sum of these functions is expressed % 

! by a polynomial ir Z steps, not over 11, the error in formulas (24) a and (25) equals 7 :ro, in comparison with the formulas (16) and (17). 
$ 
ii 
f Example 1 

! 
Let the following be obtained as a resuit of pr cessing the h' experimental data: ~o(a) a -cla3cla3, and q(aj = c2a . Determine 

the elastic characterfstics of the system. 

Substituting the known vaiues of Fo(a) and q(a) in the formulas 
obtained, we obtain: 

F"' Ix)  = 2.3.362 r, x =+ 1,4254 c, 9, 
F r 1 ( x )  ~2.3562  C, x 'a+ I ,60COct XI, 



according to formulas (6) and ( 7 ) ;  

F(1' {s) = 2.4000 el ' w + 1.2233 c, .I?, 

F"' (s) =. 2,4000 el s " + 1 .45i15 c, 9. 

according to formulas (19) and (20); 

from formulas (24)  and (25). 

The example presented demonstrates the simplicity and effec- 
tiveness of the proposed method. 
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THE RELATIONSHIP OF TRANSIENT VIBRATIONAL 
PROCESSES AT A POINT IN A PLATE TO THE NATURE OF 

SUDDEN KINEMATIC DISTURBANCES 

Yu. K. Konenkov 
[Moscow) 

A solution is given in this work to the problem of a transient i 
I vibration p*ocess in a fastened plate, during a sudden displacement 

of the edge. Let us take the equation of motion of the pl~te in i 

i the form 
! 1 

with limiting and initial conditions 

c i  c , ~ t R . ; l =  * i t r b .  . ( o ( R .  ~ ) = $ ~ ( f ) .  
( '7 

(1 ( . ~ ! R . t ~ t = ~ . ' ,  -.- o ( r . O ) = @ .  
i'f 

I ;  i 
Usually, a problem of this type is solved with the aid of a Laplace 
transform. It is more convenient in this case to reduce the equa- 
tion to a nonuniform one and to make the limiting conditions uniform, : 
assuming 

For the function introduced $(r,t), we obtain the following problem 1 i 

D -  - r - -  -- . -  
I a a I d t + p h $ ! =  
r or :fr r dr dr 

6 - R  
= - ; h [ ( ,  j .c \ l )+f i ( f ) ]  

with limiting conditions 
d - 0 ,  & $ ( R , , ) - O ,  

+. 
> 
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and i n i t i a l  cond i t ions  

So lu t ion  of t h i s  problem by t h e  s e p a r a t i o n  of v a r i a b l e s  method i s  
presented  i n  t h e  form 

I i sin at;- :) 
f: a, s i n ~ , ~ t r i b , ,  coswmt + .- -- @ m ( : ) d ~ ]  

0 

where (~f=Dri,';h. @,(-) are c o e f f i c i e n t s  of t h e  genera l i zed  Four ie r  i 1 8 1  - 
i. 

s e r i e s  i :2 

f [1@(izn) l0  (2" \ - J , I X ~ \ I , ,  ( i l n  L)r rdr 
n 

% 

3 

a n  i s  t h e  s o l u t i o n  of t h e  frequency equat ion  j 

The i n t e g r a t i o n  c o n s t a n t s  a, and bn are found from t h e  i n i t i a l  con- 
d i t i o n s ,  Let us  examine t h e  i n t e r e s t i n g  p a r t i a l  case ,  when f 2 ( t )  = 0 
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and t h e r e  i s  no a c t i o n  a t  t = 0,  i . e . ,  f l ( 0 )  = f 2 ( 0 )  = 0, i n  
g r e a t e r  d e t a i l .  To o b t a i n  t h e  c losed  form of t h e  s o l u t i o n ,  t h e  
Fourier-Bessel  c o e f f i c i e n t s  must be c a l c u l a t e d  e x p l i c i t l y .  This  
i s  achieved by means of  t h e  Lommel f u n c t i o n a l  r e l a t i o n ,  which i s  
s u i t a b l e  f o r  any c y l i n d r i c a l  f u n c t i o n s  ZA(ax) and Z,,(Bx): 

I n  t h i s  manner, t h e  s o l u t i o n  of  t h e  problem f i n a l l y  t a k e s  t h e  form 

2110 ( i s )  h ( z n ) + ~ ( z ~ ) i ~ ~  (izn)l [la ,i..l. ( z m  ;)-& l l d L  j ) ]  X ---- --- 
zm \I: ( i  an) [c (%)+fi t ~ n ) ] - G  (a,,) [Ji (izn) -c (izn)]} 

X 

sin ~ " ( 1 - 7 )  x ( ---- 
urn 

f ;  (7) a 
0 

F i n a l l y ,  it i s  of i n t e r e s t  t o  examine some p a r t i a l  c a s e s  of exci -  - /182 
t a t i o n ,  i n  which t h e  packing can be c a l c u l a t e d  and t h e  e x p l i c i t  
t ype  of  change i n  a deformation over  t ime can be found. Some examples 
a r e  presented  i n  t h e  t a b l e  on t h e  fo l lowing page. 
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INVESTIGATION OF THE NOISE CHARACTERISTICS 
OF ROOM AIR CONDITIONERS 

S.I. Tret'yakova 
(Moscow) 

In recent years, room air conditio~.ers have become wldely 
used in the national economy. However, control of them is restrained 
by the absence of standard documentation, regulating the noise char- 
acteristics of room air conditioners. Standards, established by 
the method of measurement of the noise characteristics of the 
machines and fms, have not spread to methods of control of noise 
characteristics of room air conditioners, for the following reasons: 

-- The presence of discrete components in the noise spectrum; -- The transient nature of the noise; -- The features of the air conditioner unit in rooms, depend- 
ent on radiation in 1/8 and 1/4 space. 

Methods of measurement of the noise characteristics of room 
air conditioners in anechoic and reverberation chambers, according 
to All-Union State Standard 11870-66 and the machines, are examined 
in the work. Methods of determination of the noise characteristics 
ar? the ASRAE recommendations on methods of measurement of ventila- 
tion unit noise. It was shown that the most acceptable method is 
the standard source method in a reverberation room, with time and 
space averaging. Quantitative estimates of the errors In measure- 
ment by comparable methods are presented. 



SYNTHESIS OF VIBRATION DAMPERS 

V.A. Kamayev and S.V. Nikitin 
(Bryansk) 

Widely used for vibration quenching are shock absorbers, with 
characteristics of the type 

in the dampers of which there is Coulomb friction, leadrng to dis- 
continuities of the first or second kind of characteristics f(x f )  
and shock absorber reaction (3~~eleration of vibration-isolatabie 

i object 2 ) .  The perturbation function, acting on the isolated object, i . 
t 
i 
3 . ,  

\ in turn, often has a discontinuity. In these cases, the synthesis /I84 
:. of dampers, especially with polygonal characteristics, on the basis a 

1 of the usual quality criteria of the type ! .I 
i :. 

(%. ~t is the weight coeffi,ient, depcndent on the frequency and 
time of operation at it) will not always be sufficiently successful, 
and sometimes leads to trivial outcomes. A synthesis, resting on t 
criteria which take account of the third derivative of the displace- 
ment of the object, of the type 1 

4 
i 

provides great advantages. In this case, a filtering process is 
a supplementary differentiation, which permits low-frequency vibra- 1 

tiona to be suppressed and high-frequency ones, transmitting great 
.I f 

energy, to be extracted. Moreover, we note that there are data [la 
21, which permit standardization of the action of the vibrations on 
a human by type (3) criteria. 

The use of type (3) criteria, in turn, causes definite diffi- 
culties in the use of analytical methods of synthesis (the first 
approximation is insufficient). In this case, a synthesis using 
an analog or digital csmputer is effective. 

Producing ?& by an analog computer, by means of differentiation 
of X leads to large systematic errors. A method is proposed for. 
determination of 2 by mean8 of measurement of the acceleration x ,  
with the aid of a mathematical accelerometer. The mathematical 



accelerometer is an electronic model of the regular mechanical 
accelerameter hooked up to an analog computer. The natural fre- 
quency of the accelerometer wc >> wi, where wi is the highest of 
the frequencies of the object measured. 

Using type (3) guallty criteria, a synthesis of a series of 
dampers was carried out. Tn this case, their structural systems, S 

3 
determined by the possibility of being put into practice struO y : 
turally, were given. The damper characteristics were riptimized ,a 

5 .  
9 from among those shown in Fig. 1, in which the number of optimi- 3 ,  

zation factors (parameters) changed from one (Fig; la, lb) to 1 : three (Fig. le). .4 4 -; 

3 .  
1 

tura!. -- 
diagram 

a) b) c ? d)  e) 

Damper 
charac- 
ter is t ics  

X 

Opt jmi- 1- zation 
ftet&r', . L 

Fig. 1. 

In the first stage, optimization was carried out by the scan- 
i 
, . 

ning method. Subsequent improvement was achieved by the use of 
the Gauss-Zaydel method. Determinative functions, which are con- i > 

tinuous and have a first order discontinuity, were used as the 
. 5 

1 

disturbances, P r 

t 

After synthesis of the damper characteristics, the optimum 
I structure in a specified disturbance range was developed. 

The investigations carried out showed tt.e advisability of 1186 
the method presented in investigation of dynamic systems, the 
vibrations or which have discontinuities of the first derivative, 
a8 well as in disturbanc's having a discontinuity of the first kind. 
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SYNTHESIS OF A SYSTEM WITH ACTIVE VIBRATION 
ISOLATION, CONSIDERING THE '?IPROACOUSTICAL CHARACTERISTICS 

OF THE SOURCE AND OF THE ISOLATED OBJECT 

M.D. Genkin, V.G. Yelezov, and V.V. Yablonskiy 
(Moscow) 

For t h e  purpose of i n c r e a s i n g  t h e  v i b r a t i o n  i s o l a t i o n  e f f e c t  
of a  damper, it has been p ropf led  [I]  t h a t  e lec t romechanica l  con- 
v e r t e r  4 (Fig.  1) be included i n  p a r a l l e l  wi th  t h e  f o r r e r .  I n  t h e  
o p e r a t i n g  mode, it decreases  t h e  combined r i g i d i t y  of dampers 2 .  

The e f f i c i e n c y  and r e s i s -  
t ance  of an a c t i v e  v i b r a t i o n  
i s o l a t i o n  (AVI) system are 
analyzed i n  work [2] ,  f o r  t h e  
case  of un id i rec t io r l a l  v ibra-  
t i o n s  of a mass (a source)  
on a s p ~ i n g ,  w i t h  a  damper 
(damping 9:- tern), r e s t i n g  on 
a  q u i t e  r i g i d  base ( t h e  l so -  
l & t e d  ob j  e c t  ) . 

The purpose of t h i s  work - /I87 
i s  t o  cons ider  t h e  e f f e c t  of 
c e r t a i n  v i b r o a c o u s t i c s l  char- 
a c t e r i s t i c s  of r e a l  o b j e c t s  
on AVI  r e s i s t a n c e  and s y n t h e s i s  
of AVI ,  which a r e  e f f e c t i v e  
over  a -  wide frequency band. 

F ig .  1. I n  t h e  v i b r a t i o n a l  sys- 
tem (Fig.  I ) ,  zs(:w) and z l ( j w )  

a r e  t h e  mechanical r e s i s t a n c e s  of  source 1 and load 3; z s l  = z e d /  
/ (zS + 2 1 )  and z r ( j w )  = ( k / j o ) ( l  + 3 1 )  = k/o + y i s  t h e  r e s i s t a n c e  
of  damping one s p r i n g ,  wi th  r i g i d i t y  k and l o s s  coef- 
f i c i e n t  A ;  t h e  n a t u r a l  frequency of t h e  uncon t ro l l ed  
s y ~ t e m ;  t r a n s m i t t e d  by t h e  dampers t o  t h e  izo-  
l a t e d  o b j e c t  ( inpu t  a c t i o n  t o  t h e  c o n t r o l  system) and fa i s  the  % .. 
a c t i v e  compensating fo rce ;  ~ f ( j w )  = fa/f i s  t h e  t r a n s f e r  c o e f f i c i e n t  ' : 
of  t h e  c o n t r o l  c i r c u i t  (d i s tu rbance  compensation principle! .  r 

, ,. 
i 

The problem is  t o  ensure  e f f e c t i v e  quenching (darr.per "soften-  
ing")  i n  t h e  w > wm n  frequency band, whi le  mainta in ing t h e  r a t e d  , 3' i r i g i d i t y  k  a t  zero i repuency (Kf(0) = 0 )  and with a lower f 

l i m i t  on t h e  e f f e c t i v e  r i g i d i t y  ( f o r  example, kerf = k ( l ,  + Kf) 2 
2 0.5k) i n  c e r t a i n  low frequency reg ions  0  4 w S wk < w o .  A s i n g l z -  . .  , -2 

s e c t i o n ,  high-frequency RC o r  LCR f i l t e r  i s  i n s e r t e d  i n t o  t h e  con- 
t r o l  c i r c u i t  f o r  t h i s ,  i n  which t h e  l i m i t i n g  frequency URC = 1 /RC 
and t h e  n a t u r a l  frequency ~ L C R  - 1//GF l i e s  i n  t h e  i n t e r v a l  cuk- 
'min * 



. . I 
mS &R I: LCR circuits are inserted in +- series [31 into the equivalent 

system (Fig. 2), with a multi- 
- A, 

resonance load source. Under .? 

these conditions (especially, 
if Zs(ju) and zl(jw) are experi- -. 
mentally measured characteris- .I 

tics), it is convenient to use -i 5 
tne imrnitance resistance cri- -- /1R8 i 
teria, when the necessary and 
sufficient condition for resis- 
tance in ths system being 
examined has the following ;, 

E form [ 4 ] :  
I l g .  2 i 

4 .i 
3 

Re{: ~ , ! ( . + , ~ [ l ~  A', . ( . , ,  , , : , -  I ,<.: l j c , , ) > ( I  
with (1) 

3 
i 

I t t l : :  :(,,,I[:- A ; I , C . , ~ ; ~ -  I.,,:, (;c,,\=@ 

Here, ZS(jw)[l t Kf (jw)] is the controlling immitance, reflect.Lng 
the electromagnetic reciprocal connection through the dynamic 
force to the damper-isolated object cross section. 

; i In this case, the basic task of AVI synthesis is reduced to 
3, determination of those vibration frequency filter parameters (with 

-- I dimensionless fre,.uency QRC 00 or QLCR = wCR/wO, as well as 
the loss coefficient ALRC = 

-- ResisLance condition (1) is maintained over the entire 
freqteilcy range 0 c w c 0 ;  

-- The condition lkeff/kl 2 0.5 is maintained in the assigned 

range 0-Ck = wk/wg- , and 
-- The maximum possible vibration quenching Is ensured at 

requenc~ Qmi, Wmin'w~ 

The relationships of the values found for fiecR (curves 1 and 
2) and Qflc (curves 3 and 4) to frequency Qk, at XLRC = 1 and various 
val~ies of the loss coefficient A ,  are shown in Fig. 3. These filter 
parameters were determined from a joint analysis of the boundaries 
of the resistance region and the boundaries of the regions of para- 
meters which satisfy the given restrictions. 

Calculation and investigation by electrical models showed 
~ that, in the majority of practical cases, when the internal reson- 

ance frequencies are consider 'y higher than the basic frequc.ncy 
wo and moreover, Qk << 1, Qmin Q, (2-3), the system resistance is 

I 



fully defined by tile low- 
frequency parameters of the 
system, At Qk % 1 and Qmin >> 
>r  1, the mass ml and'internal 
resonance of the system m ~ s t  
be taken into account. Resis- 
tance condition cab, with a 
high frequency RC filter at 
the i-th critical frequency 
wi, at an arbitrary value of 
QRC, is determined by the 
following expression: 

Fig. 3 

resistance zsl(jw) at the i-th re 

where Kf0 is the transfer 
coefficient of the control 
circuit in the operating 
frequency range, and ki and 
Xi are the equivalent rigidity 
and loss coefficients of the 
"source-load" system, with 

sonance frequency. 

The boundaries of the internal resistance region (conditional,/l89 
but passive resistance zSl(jw) of the system with a RC filter) are 
defined by the expression: 
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ACTIVE DAMPING OF UNIDIMENSIONAL STRUCTURES 

B. D. ?artakovskiy 
(Moscow) 

3 '  a 
CI unidimensional  s t r u c t u r e  is. examined, a long which a wave u = 4 = u o e x p [ i ( ~ t  - kx)] propagates ( a  r i g i d  p ipe ,  i n  which s wave prop- 

a g a t e s ;  an  i n f i n i t e  s t r i n g ,  a long which a t r a n s v e r s e  wave propagates ;  ,: 
a rod ,  a long which l o n g i t u d i n a l  o r  t o r s i o n a l  columns propagate ,  f g e n e r a l l y  a unidimensional  propagat ion  of some one mode of v ib ra -  P 

1 t i o n s  which i s  nondegenerating wi th  d i s t a n c e ) .  We superimpose t h e  3 
l o c a t i o n  of t h e  r e c e i v e r  system xp on t h e  a x i s  o r i g i n  x = 0. Desig- 
n a t i n g  t h e  phase s h i f t  of t h e  v i b r a t i o n s  between t h e  l o c a t i o n s  of  
t h e  r e c e i v e r  xp and sender  ( r a d i a t o r )  x by $, between t h e  loca-  
t i o n  of  t h e  sender  and t h e  monitoring p g i n t  by 8 and t h e  degree  of i 

decrease  i n  amplitude of t h e  f i e l d  a t  t h e  monitoring p o i n t  xk by 
a ,  we f i n d  t h a t ,  wi th  t h e  r a d i a t o r  l o c a t e d  behind t h e  r e c e i v e r  [l], 
t h e  t r ans fo rmat ion  c o e f f i c i e n t  of  t h e  compensating system 

* - I 
f - - 

I 
exp ( - f $ ) -  --- exp (i.4) I - a  

i s  independent of  8. I n  t h e  case  of t o t a l  compensation ( a  = 0)  

If $ < T ,  t h e  phase s h i f t  i s  n/2 .  Assuming uo = 1, t h e  t o t a l  f i e l d  
a t  t h e  r e c e i v e r  p o i n t  amounts t o  

= 21 sin .; exp ( - i $1. ( 3 )  

The conver te r ,  mul t ip ly ing  t h e  t o t a l  vibration by $he va lue  i /2s in$ ,  
makes i t s  wave exp(- i$) ,  wi th  t h e  oppos i t e  s i g n ,  which a r r i v e s  at 
t h e  monitoring p o i n t .  A t  A C $ < 21r, t h e  phase s h i f t  mcst be - ( ~ / 2 ) ,  
accordingly .  Thus, t h e  phase s h i f t  I n  a r e c i p r o c a l  connect ion 
e lec t romechanica l  system (with d i s t r i b u t e d  pa ramete r s ) ,  i n  t h e  
g e n e r a l  case ,  does not  equal  kn o v e r a l l ,  a s  happens i n  e l e c t r o n i c  
dev ices  ( c o n s i s t i n g  of d i s c r e t e  e lements) .  The modulus of  t h e  
q u a n t i t y  + must change wi th in  t h e  l i m i t s  of 0.5-=, p e r i o d i c a l l y  
r e p e a t i n g  through t h e  va lue  $ = 2 7 .  A t  d i s t a n c e s  o f  $ = (n/2)(2n 

, + l), i . e . ,  i n  t h e  ant inodes ,  t h e  va lue  of + i s  a t  a minimum, 
amounting t o  k1/2. If a + 0, t h e  g a i g  f a c t o r  must change w i t h i n  /191 

I 
I 



smal le r  limits than  a t  a = 0, con t inu ing  t o  become minimum i n  t h e  
an t inodes  of t h e  s t and ing- t rave l ing  waves uO[ l  - (1-a)exp(-2i$)],  
e s t a b l i s h e d  ahead of t h e  r a d i a t o r .  Upon b r i n g i n g  t h e  rece ive1 
c l o s e  t o  t h e  r a d i a t o r  ($ + O ) ,  t h e  phase c o e f f i c i e n t  of t h e  e lec -  
t romechanical  conver te r  t e n d s  towards -T.  I f  It i s  assumed t h a t  
t h e  conversion c o e f f i c i e n t  4 i s  independent of frequency and equa l s  
t h e  value of ( 2 ) ,  wi th  s u b s c r i p t  0, over  t h e  e n t i r e  frequency range 
examined, t h e  compensation c o e f f i c i e n t  modulus i s  determined by t h e  
r e l a t i o n  

2 ,, . s;,-s.in 4) 
X 'A,, = . .. - - - - . - 

I / iT i i s in  $,-sin 4) sin .j, ' 

T o t a l  compensation ( a  = 0 )  t a k e s  p lace  a t  $:qO. O s c i l l a t i o n s ,  - 
cwrespond ing  t o  t h e  Nyquist c r i t e r i o n  CRe(k40) 2 1, I m ( k @ ~ )  = 01, 
a r i s e s  a t  t h e  r a t i o s  

Thus, i f  t h e  s i g n a l  i s  white  n o i s e ,  t h e  r e c e i v e r ,  t o  avoid auto- 
e x c i t a t i o n ,  should be s e t  i n  a r e s t r i c t e d  wave band i n t e r v a l ,  
f o r  example, n/6 < 4 < 5n/6. The bands 0 < $0 < n/6, 5n/6 < $0 < P I 

4 2n ,  e t c . ,  a r e  f o r b  dden f o r  s i g n a l s  w i t h  s o l i d  frequency s p e c t r a ,  j s i w e  t h e  va lues  $0 = i / 2 ~ i n $ ~ ,  t h e  modules of which exceed u n i t y ,  1 
correspond t o  them. Therefore,  a t  f r equenc ies  s a t i s f y i n g  t h e  r e l a -  I 

t i o n  s i n $  2 2 ~ i n $ ~ ,  t h e  ampli tude o s c i l l a t i o n  c o n d i t i o n  w i l l  be i 
t 

s a t i s f i e d  and, consequently,  a t  f r equenc ies ,  a t  which t h e  phase 1 o s c i l l a t i o n  cond i t ion  $ = n/2 a l s o  i s  s a t i s f i e d ,  and o s c i l l a t i o n s  
a r i s e .  With i n c r e a s e  i n  frequency,  t h e  phase o s c i l l a t i o n  c o n d i t i o n  
i s  d i s r u p t e d ,  a r i s i n g  aga in  under t h e  cond i t ion  $ = (n/2) + 2nn. 
Approzzhing t h e  compensating frequency,  t h e  o s c i l l a t i o n  frequency 

i 
w i l l  occur i n  t h e  range 0 $0 < 7r/2 a t  $0 = ~ / 6 ,  being double t h e  

1 
compensat i n g  frequency ($osc a ~ 1 2 ) .  Since t h e  q u a n t i t y  lyosc = n/2, 

independently of $0, wi th  dec rease  i n  $0, t h e  r a t i o  $osc/lyo i n c r e a s e s  
and t ends  towards = as s i n 9 0  + 0. I n  t h i s  mar.ner, t h e o r e t i c a l l y ,  
s i g n a l  compensation i s  p o s s i b l e  wi th  a s o l i d  frequency spectrum 
without  o s c i l l a t i o n ,  i f  t h e  r e l a t i o n  $JO m 0 can be achieved. With 
3 e r i o d i c a l l y  repeat i , .& d i f f e r e n t  r a t i o s  of $ and $0, t h e  q u a n t i t y  /192 
a changes correspondingly w i t h i n  t h e  limits a = 0-=. I n  case  t h e  
s i g n a l  i s  harmonic o r  has a c e r t a i n  f i n i t e  frequency spectrum ( f o r  
example, wi th  a frequency l i m i t i n g  r e c t a n g u l a r  f i l t e r ) ,  t h e r e  i s  



i n t e r e s t  i n  de te rmina t ion  o f  t h e  frequency c h a r a c t e r i s t i 3 s  a ( $ )  
a t  a  c e r t a i n  given value  $0. For va lues  of $O l y i n g  o u t s i d e  t h e  
o s c i l l a t i o n  reg ion ,  w i t h i n  t h e  l i m i t s  of t$ - O-n, a t  f r equenc ies  
corresponding t o  $ = (3a/2) + 2mn, t h e  coe ! f i c i e n t  a 1s ma-imum, 
wi th  t h e  minimum-maximum va lues  ( a  = 1.33) o c c u r r i n g  a t  $0 = ~ / 2 .  

I n c l u s i o n  o f  a f i l t e r  i n  t h e  r e c i p r o c a l  connect ion c i r c u i t  
changes t h e  o s c i l l a t i o n  cond i t ions .  Accordingly, t h e  o s c i l l a t i o n  
amplitude and phase cond i t ions  can be w r i t t e n  i n  t h e  form 

where 4 ( w )  i s  t h e  frequency s t andard ized  c h a r a c t e r i s t i c  of t h e  
@cob = 1 

f i l t e r .  Assuming l + i ~  ($1 . Q and t h a t  6 i s  t h e  a c t u a l  
va lue ,  (6 )  can be presented  i n  t h e  form 

s i n < - c o s $ ~  -- - - - < I  ( a ) :  c o s + - s i n $ ~ = O  (b). 
2sinC,tl &Q:) 

It fol lows from (5a )  t h a t  i n t r o d u c t i o n  of a f i l t e r  changes both 
t h e  frequency a t  which t h e  o s c i l l a t i o n  amplitude cond i t ions  a r e  
f u l f i l l e d  and t h e  frequency a t  which the  phase cond i t ion  i s  f u l -  
f i l l e d .  I n  t h i s  c a s e ,  f o r  example, i n  t h e  reg ion  of va lues  0 < 
< $0 < n/6 and $ = 0-2n, the  phase c o n d i t i o n s  a r e  f u l f i l l e d  a t  
f requenc ies  which a r e  c l o s e r  t o  normal, and t h e  amplitude con- 
d i t i o n s  a t  f r equenc ies  which a r e  f u r t h e r  away. The term 1 / ( 1 + ~ ~ )  
p lays  t h e  predominant r o l e  i n  i n c r e a s e  of Q, as a consequence i 
of which, f r equenc ies  a t  which o s c i l l a t i o n  i s  p o s s i b l e  a r e  sha rp ly  i 

inc reased .  I n  t h i s  c a s e ,  t h e  reg ion  of  va lues  of $0 a t  which both  i 
o s c i l l . a t i o n  cond i t ions  can be r e a l i z e d  i s  c o n s t r i c t e d .  3 

3 
Let us examine, f o r  example, c o n s t r i c t i o n  o f  +he  au toexc i t a -  

t i o n  reg ion  ad jacen t  t o  t h e  va lue  $0 = T ,  which can be achieved 
,! 
i 

by use of one of two widespread types  of  f i l t e r s ,  having frequency 1 c h a r a c t e r i s t i c s  of t h e  type  
i 
d 

a, Q=~Q-9, b) Q = ~ Q ( E - u - - -  . 1 i: 
*, 0 6 
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I n  accordance wi th  (8), t h e  o s c i l l a t i o n  c o n d i t i o n s  have t h e  - /193 
appearance,  w i th  f i l t e r  a 

i 
.L . 

I i 
( 9 4  

$ 
3 
h i 

5 .  
3 : 

and w i t h  f i l t e r  b  I 
i ; 

1 

i s  

With i n c r e a s e  i n  Q, t h e  r e g i o n  o f  va lues  of  $0 = ~ + ( n / 6 ) ,  a t  t h e  
boundary of which a u t o e x c i t a t i o n  t a k e s  p l a c e  i n  t h e  absence o f  a 
f i l t e r  (Q a O ) ,  i s  c o n s t r i c t e d  a s y m p t o t i c a l l y ,  approaching t h e  
va lue  n as Q + =. I n  t h i s  c a s e ,  t h e  va lue  o f  $, at  which auto-  
e x c i t a t i o n  t a k e s  p l a c e ,  a l s o  i s  c o n t r a c t e d  toward t h e  va lue  n. 
T h i s  i n d i c a t e s ,  f o r  example, t h e  p o s s i b i l i t y  of  expanding t h e  
working frequency r e g i o n  downwards, by use  of  f i l t e r  a ,  wi th  Q- 
f a c t o r  Q = 4 ,  t o  va lues  cor responaing  t o  $O = 0 . 9 ~  and $ = 0 . 7 8 ~ ~  
whi le ,  without  t h e  f i l t e r ,  $ = 0 . 8 3 3 ~  and $ = 0 . 5 ~ .  With removal 
o f  f requency o from t h e  r a t e 8  va lue ,  t h e  a u t o e x c i t a t i o n  suppress ion  
e f f e c t  i n c r e a s e s  w i t h  t h e  same Q- fac to r .  F i l t e r  b  a c t s  approximately 
t h e  same. A t  t h o s e  va lues  of  Q,  t h e  a u t o e x c i t a t i o n  r e g i o n  l e f t  
boundar ies  a r e  somewhat d i f f e r e n t ,  cor responding  t o  t h e  lower f r e -  
quencies  a t  which t h e  forms of t h e  frequency c h a r a c t e r i s t i c s  of  bo th  $ 

f i l t e r s  d i f f e r  s t r o n g l y .  The boundar ies  of t h e  a u t o e x c i t a t i o n  r e g i o n ,  
d e f i n e d  by t h r e e  va lues  Q, $0 and $, depend e s s e n t i a l l y  on t h e  r a t e d  
v a l u e  q O .  The a c t i o n  of  t h e  f i l t e r  i n  c o n s t r i c t i n g  t h e  a u t o e x c i t a -  
t i o n  r e g i o n  i n c r e a s e s i n  p r o p o r t i o n  t o  i n c r e a s e  i n  t h e  wave i n t e r v a l  
$0. I n  a l l  bands,  except  t h e  " z e r o s v  an  i n c r e a s e  i n  Q c o n t r a c t s  
t h e  a u t o e x c i t a t i o n  r e g i o n  towards t h e  c e n t r a l  va lue  $0 = n r .  I n  
t h e  "zero" r e g i o n  o f  $0 iadjoLning t h e  v i b r a t i o n  r a d i a t o r ) ,  t h e  i r 

l i m i t i n g  cu rves  asymptotic all;^ converge, i t h  c e r t a i n  f i n i t e ,  and, 
moreover, srncll v a l u e s  of  Q, 0.1 t h e  o r d e r  o f  lo'*. r b 

i *. 

The a u t o e x c i t a t i o n  r e g i o n s  L=?e similar t o  t h e  c o n t r o l .  system 
s t a b i l i t y  r e g i o n s ,  used I n  automation t h e o r y ,  i n  two parameters;  1 .  
however, t h e y  have a more complex n a t u r e  t h a n  t h e  s t a b i l i t y  r e g i o n s  
of d i s c r e t e  s y s t e ~ t s ,  due t o  t h e  mul t i lobed  frequency c h a r a c t e r i s t i c s  1 'a 

1 : 
o f  t h e  s i g n a l s .  1 

If t h e  system r e c e i v e r  i e  i n s t a l l e d  behind t h e  s e r ' e r ,  i n  t h e  
t r a v e l i n g  wave r e g i o n ,  t h e  convers ion  c o e f f i c i e n t  must amount t o  



9 ,  

I -a  
% = - - - exp (b;,). 

The t o t a l  s i g n a l  a t  an a r b i t r a r y  p o i n t ,  l o c a t e d  a t  a  wave i n t e r v a l  /i94 { - 
Q from t h e  system r e c e i v e r ,  a t  frequency w ,  equa l s  i 

i Accordingly, wi th  a  degree  of  a t t e n u a t i o n  of  t h e  f i e l d  a 2 0.5, 
$ 
f t h e  c o e f f i c i e n t  1 @ 1 : 1.l O s c i l l a t i o n  arises under t h e  cond i t ions  
f 
I 

I from which it fo l lows t h a t ,  a t  a > 0.5 o s c i l l a t i o n  does not  a r i s e  
a t  a l l .  If a S 0.5, j s c i l l a t i o n  a r i s e s  a t  f r equenc ies  s a t i s f y i n g  
t h e  cond i t ion  $ - $O = n(2n - 1). 

f The v i b r a t i o n  a t t e n u a t i o n  e f f e c t  of  t h e  compensation system 

I .  r a d i a t o r s  can be cons idered  a s  an a c t i v e  method of i s o l a t i o n  of 
v i b r a t i o n s  a t  po in t  xg. The magnitude of t h e  " a c t i v e  sound i s o l a -  
t i o n "  i s  determined by t h e  r e l a t i o n s h i p :  

I 

! A t  a < 0.5 and, consequently,  Z I  [sound i n s u l a t i o n ]  > 6 dB, it Ls 
adv i sab le  t o  p lace  t h e  r e c e i v e r  of t h e  system i n  a  '.iigh l e v e l  I 

space," i . e . ,  i n  f r o n t  of t h e  sender .  The "sound i s o l a t i o n "  e f f e c t  
generated can be cons idered  as c r e a t i n g  a  p o i n t  r e f l e c t i n g  s u r f a c e  t 

a t  xd. The " a c t i v e  r e f l e c t i n g  su r face"  behaves l i k e  a  s o f t  boundary, i 
a where zo i s  t h e  wave r e s i s t a n c e  of  having an impedance z  = z0 z, 

t h e  medium. i 

'we r e c a l l  t h a t ,  he re ,  we have I n  mind t h e  g a i n  f a c t o r  of t h e  e l e c t r o -  
mecf,anical c i r c u i t  as a whole. A s  a consequence of b ina ry  e l e c t r o -  
mechanical conversion and a t t e n u a t i o n  o f  t h e  ga in  f a c t o r  conne,;ted 
wi th  t h i s ,  t h e  e l e c t r i c a l  p a r t  of t h e  c i r c u i t  always 
must be g r e a t e r  than  u n i t y  (on t h e  o r d e r  of 100-1000). 



The impedance and energy c h a r a c t e r i s t i c s  (a t  t h e  monitoring 
p o i n t ,  l o c a t e d  behind t h e  r a d i a t o r )  have t h e  fo l lowing form: t h e  
compensation c o e f f i c i e n t  a t  t h e  r a d i a t o r  p o i n t  an  = a ;  t h e  load  
impedance a t  t h e  r a d i a t o r  p o i n t  

1-or ( x  ) = -- 'load d a  'in 

where z i s  t h e  wave r e s i s t a n c e  of an  i n f i n i t e  waveguide; t h e  - / I95 
power o p t  he compensating r a d i a t o r  i s  

where Po i s  t h e  primary wave r a d i a t o r  power, i n  t h e  absence of  
compensation. The maximum power which can be drawn by t h e  compen- 
s a t i n g  system r a d i a t o r  i s  0 . 2 5 P 0 ,  a t  a = amax = 0.5. 

1 

r 
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COMPENSATXON OF VIBRATIONS OF A UNTDIMENSIONAL 
STRUCTURE AND A PLANE ACOUSTICAL FIELD 

B. D. Ta r t  akovskiy 
(Moscow) 

Endless s t r u c t u r e s  a r e  r e a l i z e d  i n  p r a c t i c e ,  i n  t h e  presence 
cf  l o s s  and t o  an  adequate e x t e n t ,  owing t o  which, r e f l e c t i o n s  
from t h e  edges t o  t h e  c e n t e r  p a r t  of  t h e  s t r u c t u r e  can be  d i s -  
regarded.  Tn t h e  absence of l o s s e s ,  r e f l e c t i o n s  from t h e  boundary 
f r e q u e n t l y  have t o  b e  taken i n t o  a c c o ~ ~ ~ t .  I n  t h i s  case, bes ides  
compensation f o r  waves pass ing  through t h e  boundary, t h e  r e c i p r o c a l  
connect ion system can be  used f o r  compensation o f  t n e  t o t a l  f i e l d  
ahead o f  t h e  boundary. I n  t h e s e  c a s e s ,  t h e  system conver te r s  can 
be  l o c a t e d  i n  a d i f f e r e n t  manner r e l a t i v e  t o  t h e  boundary and t o  
,one another .  Each o f  t h e  l o c a t i o n s  shown i n  Fig.  1 has i n h e r e n t  

. ~ p e c u l i a r i t i e s ,  which must be taken i n t o  account i n  s o l v i n g  dpe- .  *' c i f i c  problems. For compensation of i n c i d e n t ,  r e f l e c t e d  and 
.~ummary waves, scheme 5a can be used, f o r  example, scheme l b  f o r  
b m p e n s a t i o n  f o r  waves pass ing  through t h e  boundary, e t c  . 

Fig.  1. 

Compensation f o r  t h e  summary wave can be considered as a c t i v e  
"space absorp t ion"  (a type  of  d i s t r i b u t e d  wave a b s o r p t i o n ) ,  and 
compensation f o r  wave8 pass ing  through can be t r e a t e d  as a c t i v e  
v i b r a t i o n  o r  eound i s o l a t i o n .  Active l o c a l  absorp t ion  o f  e l a s t i c  
v i b r a t i o n s  o r  sound waves i s  adequate compensation f o r  waves 



r e f l e c t e d  from t h e  edge o f  a s e m i - i n f i n i t e  s t r u c t u r e  ( f i e l d ) ,  f o r  
example, a t  t h e  edges of  t h e  space ,  The a c t i o n  of a c t i v e  methods /197 A 

of l t i so la t ionf l  and "absorpfionv i s  propagated t o  any d i s t a n c e  from 
t h e  edge, and i t  i s  not  r e s t r i c t e d  t o  a narrow reg ion  o r  s e r i e s  o f  
r eg ions ,  a s  i s  t h e  case  wi th  compensation f o r  t h e  summary f i e l d ( i n  
a uniform s t r u c t u r e  i n  t h e  presence of boundar ies) .  With t h e  com- 
pensa t ing  system loca ted  ahead of t h e  boundaries ,  d i r e c t  and r e f l e c -  
t e d  compensating waves and waves r a d i a t e d  by t h e  system sender  a c t  
on t h e  system r e c e i v e r ,  The waves r a d i a t e d  by t h e  sender  a l s o  can 
be cons idered  as a sum of' t h e  d i r e c t  waves and waves r e f l e c t e d  from 
t h e  bounda13y. We in t roduce  t h e  subqcr ip t  C t o  d e s i g n a t e  t h e  summary 
i n i t i a l  wave and t h a t  r a d i a t e d  by t h e  system sender  and t h e  sub- $ 
s c r i p t  i f o r  waves subJec t  t o  compensation (1 = 1, i n c i d e n t  wave; ?I 
2, r e f l e c t e d  wave; 3 f i e l d  ahead of t h e  boundary; 4 ,  wave p a s s i n g  3 i 
through t h e  boundaryj,  and we d e s i g n a t e  1 

where us a wave s u b j e c t  t o  compensation, v i s  t h e  compensating wave, 
x k ( 0 )  i s  t h e  coord ina te  of  t h e  l o c a t i o n  of  t h e  monitoring r e c e i v e r ,  1 
x (0) i s  t h e  compensating system r e c e i v e r  and x g ( 0 )  i s  t h e  sender  
( g a d l a t o r )  of  t h e  system. We o b t a i n  

With l o c a t i o n  system 5a, accordingly  

i 

.Wi[l + R e x p { - i 2 ( ; , - + ) ! 1 -  -. ! 
QL. I * ( 2 )  

3 
e x p ( - , + ) [ ]  +expi  - i2 ( ; -+) ) ] - *" -  I -i [ l + R e ~ p ( - i z ; ) ] '  $ 

i 
i 

where $, 8 and p a r e  t h e  wave i n t e r v a l s  i n d i c a t e d  i n  Fig .  1. With 
f 

compensation, only t h e  i n c i d e n t  waves 1 
I 



only the  r e f l e c t e d  waves 

- R (I - a) cxp (- 2i;) . exp(i.i! 
?t. : " 1 + Ra exp(-li;) . 

In  t h e  case of compensation f o r  waves pas s i r~g  through the  boundary 
(scheme l b )  

A t  R = 0, t he  values of change t o  corresponding values of 4 
f o r  a uniform waveguide. The system used f o r  compensation f o r  
r e f l e c t e d  waves i s  autoexcited under t he  condit ions 

A t  R < 1, such a system is not exci ted a t  any frequencies.  Physi- 
c a l l y ,  t h i s  i s  explained by t he  f a c t  t h a t ,  at  R < 1, t h e  modulus 
@ i s  l e s s  than uni ty ,  independent of' a. It follows from t h e  
expressions obtained t h a t ,  wi th  compensation of r e f l e c t e d  waves, 
t he  system cannot c r ea t e  a s igna l ,  equal  i n  amplitude t o  t h e  
r e f l e c t e d  one and oppoaite t o  i t  i n  phase, a t  a l l .  The s i g n a l  
r ad i a t ed  by t h e  sender nust  be such t h a t  mutual compensation f o r  
t h e  primary and r e f l e c t e d  waves, themselves and t h e i r  r e f l e c t i o n s  
from t h e  ?oundary, t akes  place.  Moreover, besides t he  d i r e c t  waves 



and waves r a d i a t e d  by t h e  sender ,  twc r e f l e c t e d  waven e n t e r  t h e  
r e c e i v e r .  If t h e  sender  i s  l o c a t e d  a t  t h e  very boundary ( p  - $), 
some s i ~ n g l i f i c s t i o n  t a k e s  p l a c e  

However, i n  t h i s  case ,  t h e  wave r a d i a t e d  by t h e  sender  is no t  i n  
a n t i p h a s e  t o  t h a t  r e f l e c t e d  from t h e  boundary. Only w i t h  simul- 
taneous  l o c a t i o n  of t h e  system r e c e i v e r  and sender  at  t h e  boundary 
( p  - $J = 0 ) ,  i s  t h e  phase of  t h e  wave r a d i a t e d  by t h e  sender  o p p o s i t e  

R(1-a) t o  t h t  phase of  t h e  r e f l e c t e l  wave ($z ,2  = , and a t  a = 0, 
e q u a l s  i t s  module ($z 2 = OR). The d i v e r s i t y  of  p o s s i b l e  schemes 
f o r  l o c a t i o n  o f  elemeAts of  t h e  compensation system pe rmi t s  t h e  
optimum scheme t o  be s e l e c t e d ,  t a k i n g  account  of  c o n d i t i o n s  super-  /I99 
imposed by t h e  c o n d i t i o n s  o f  t h e  s p e c i f i c  problem. The r e q u i r e -  
ment f o r  c o n s t r i c t i o n  of t h e  a u t o e x c i t a t i o n  frequency r e g i o n  has  
t h e  g r e a t e s t  e f f e c t ,  Using ( I ) ,  t h e  a c t i o n  of  o t l e r  compensation 
schemes p resen ted  i n  F ig .  (1) cp:. be ana lyzed .  

I n  d i s t i n c t i o n  from p lane  wave compensation i n  a  waveguide, 
a t t e n u a t i o n  o f  t h e  a c o u s t i c a l  p r e s s u r e  o f  t h e  wave c r e a t e d  by t h e  
compensating r a d i a t o r  t a k e s  p l a c e  i n  compen,sation of  a p lane  propa- 
ga ted  wave, due t o  expansion o f  t h e  wave f r o n t ,  and t h e  p o s s i b i l i t y  
a r i s e s  o f  compensation f o r  t h e  primary f i e l d  i n  d i r e c t i o n s  d i f f e r e n t  
from t h a t  o f  t h e  p l ane  wave propagat ion .  

Let us examine two of t h e  simples+, models, a  sphe re ,  p u l s a t i r g  
and o s c i l l a t i n g  ( i n  t h e  d i r e c t i o n  of  propagat ion  of t h e  primary 
wave ) . 

Let us  assume t h a t  a sphe re  of  r a d i u s  a i s  l o c a t e d  a t  p o i n t  
r = 0, t h e  a c o u s t i c a l  p r e s s u r e  r e c e i v e r  (microphone, hydrophone) 
a t  p o i n t  (r , v l )  and t h a t  t h e  c o o r d i n a t e s  o f  t h e  moni tor ing  p o i n t  
are ( r 2 ,  v2 3 . 

I n  t h e  f i r s t  c a s e ,  a c o u s t i c a l  p r e s s u r e  p,  a t  a  d i s t a n c e  r 
fycm t h e  c e n t e r  o f  t h e  sphere ,  i s  connected wi th  t h e  a c o u s t i c a l  
p r e s s u r e  on t h e  s u r f a c e  o f  t h e  sphe re  pa by t h e  r a t i o  p = 
= pa(a/r)exp[- ik(r-a)] .  The v a l u e  of pa, p rov id ing  t h e  a s s igned  
compensation coeffi+?ient of t h e  f i e l d  a a t  t h e  moni tor ing  p o i n t ,  
is  determined by t h e  equa t ion  



1 
where po i s  t h e  amplitude of t h e  a c o u s t i c a l  p ressure  of t h e  primary d 
pl.une wave. The t o t a l  a c o u s t i c a l  p ressure  a t  any p o i n t  i n  t h e  
compensation frequency amounts t o  1 * A; 

! 
i 
j' 

Assigning a  p o s i t i o n  t o  t h e  monitoring p o i n t  (kr2 ,  v 2 ) ,  t h e  sound 
p ressure  a t t e n u a t i o n  can be determined as a  f u n c t i o n  of  t h e  coordi-  
n a t e s  (r, v )  and a  p r o f i l e  of t h e  equal  a t t e n u a t i o n  rzg ions  pz/p = ,A 

= const  can be p l o t t e d  i n  a  p lane  pass ing  through t h e  r . a l i a t o r ,  
perpendicular  t o  t he  wave f r o n t .  The coord ina tes  Ax and Ay r e l a t i v e  
t o  t h e  monitoring p o i n t ,  corresponding t o  t h e  given a t t e ~ u a t i o n  pz/p, 
a r e  determined by equat ion  

/200 With t h e  monitoring p o i n t  l o c a t e d  on t h e  r a d i a t o r  a x i s  ( e2  = O ) ,  
t h e  change i n  sound p r e s s u r e  along t h e  a x i s  from the  r a d i a t o r  
(8  = 0 )  i s  pC/p = 1 - r2/r, and a long  t h e  l i n e  pass ing  through t h e  
monitoring p o i n t ,  perpendicular  t o  t h e  a x i s ,  

With t h e  monitoring p o i n t  l o c a t e d  on t h e  a x i s  i n  f r o n t  o f  t h e  rad je -  
= n), t h e  a c o u s t i c a l  p r e s s u r e  a t t e n u a t i o n  a long t h e  a x i s  itr=':$ i d  

i 
The a c o u s t i c a l  p r e s s u r e  p, a t  d i s t a n c e  r from t h e  c e n t e r  of  t h e  f , sphere,  o s c i l l a t i n g  i n  t h e  X d i r e c t i o n ,  i s  connected w i t h  t h e  
a c o u s t i c a l  p ressure  on t h e  rurf'ace of  t h e  sphere  Pa by t h e  r e l a t i o n -  
s h i p  



d 1 +ikr 
Pep.= m' exp [ - ik ( r  -a)]. 

The magnitude of t h e  a c o u s t i c a l  p ressure  requ i red  f o r  a given 
a c o u s t i c a l  p ressure  compensation c o e f f i c i e n t  a t  t h e  monitoring 
p o i n t ,  i s  found from t.he cond i t ion  

2 I+ika p - p  - --- ) I+* ,  CXP { i k [ r z ( l  -COS 9, ) -a])  

9 

The t o t a l  a c o u s t i c a l  p ressure  a t  any p o i n t  i n  t h e  compensation f r e -  
quency amounts t o  

ps=po e s p ( - - ) r e o r 9 ) - ( 1 - ~ ) ( ~ )  x I 
x esp ( - i k [ r - r , ( 1  -cos9,)]). 

A t  k,. kr2 << 1, a  more r a p i d  decrease  i n  a c o u s t i c s 1  p ressure  of 
t h e  o s c i l l a t i n g  r a d i a t o r  t a k e s  p lace ,  as a  r e s u l t  of which t h e  
compensation reg ion  i n  t h e  x  d i r e c t i o n  i s  c o n s t r i c t e d .  I n  con- 
nect io? w i t h  che d i r e c t i o n a l i t y  of t h e  o s c i l l a t j n g  r a d i a t o r ,  ; the  
a c o u s t i c a l  p ressure  c rea ted  by it a t  angle  v ,  c\>mpensates t h e  p lane  
wave a c o u s t i c a l  p ressure  a t  c l o s e r  d i s t a n c e s  than  along t h e  
hor izon ta l  a x i s ,  a s  a ?onsequence of which t h e  compensation reg ion  
t u r n s  back tcwards t h e  r a d i a t o r .  
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A NEW METHOD OF MEASU;.&ENT O F  T E N S I O N  
ON A MOVING MAGNETIC TAPE 

A . K .  K u r t i n a y t i s  and Ye.S. Lauzhinskas 4. 

( Kaunas ) i 
3 
1 L e t  us  examine t h e  p o s s i b i l i t y  o f  no-contact measurement of t t h e  t e n s i o n  on a  moving magnetic t a p e ,  assuming t h a t  t h e  magnetic 

i t a p e  i s  uniform. A scheme f o r  c a l c u l a t i o n  o f  t h e  n a t u r a l  f r e -  
quency of t r a n s v e r s e  v i b r a t i o n s  of t h e  magnetic t a p e  is  dep ic ted  ) i n  Fig .  1, where T i s  t h e  t a p e  t e n s i o n ,  2 1  i s  t h e  magnetic t a p e  
chord l e n g t h  and p i s  t h e  weight of a  u n i t  chord l e n g t h  of  t a p e .  

'J 3 

It i s  well-known t h a t  a /202 
moving magnetic t a p e  accomp- 
l i s h e s  s p a t i a l  v i b r a t i o n s ,  
i n c l u d i n g  n a t u r a l  frequency 
t r a n s v e r s e  t a p e  v i b r a t i o n s .  
If t h e  s e c t i o n  of magnetic t a p e  
v i b r a t e s  i n  one of  t h e  normal 
shapes,  t h e  d e v i a t i o n  can be 
presented  by t h e  equa t ion  

y = X cos p t  (1 )  

2 k k  ---- ----- where d e f i n i n g  X i s  t h e  a f u n c t i o n  shape of  of  t h e  x, 
v i b r a t i n g  magnetic t a p e  sec- 

'4 t i o n  and p  is t h e  angular  
frequency of  v i b r a t i o n .  The 

Fig .  1. i n c r e a s e  i n  p o t e n t i a l  energy 
of deformation,  as a consequence 

of t h e  d e f l e c t i o n ,  i s  obta ined by mul t ip ly ing  T by t h e  t a p e  l eng th .  
Then, t h e  p o t e n t i a l  energy express ion  is  

: 
: 

We o b t a i n  t h e  g r e a t e s t  p o t e n t i a l  energy when t h e  v i b r a t i n g  
magnetic t a p e  occupies t h e  extreme p o s i t i o n .  I n  t h i s  p o s i t i o n ,  
c o s p t  = 1 and q 



f 
2 

The k i n e t i c  energy of  t h e  v i b r a t i n g  magnetic t a p e  e q u s l s  1 

and it reaches  a  maximum under c o n d i t i o n s ,  when t h e  t a p e  i s  i n  t h e  
middle p o s i t i o n ,  i .e . ,  when cos p t  = 0; then ,  

I n  t h e  assumed case  of  a uniform magnetic t a p e ,  t h e  f l e x u r e  
curve dur ing  t h e  v i b r a t i o n s  i s  s i n u s o i d a l ;  t h e r e f o r e ,  

Assuming t h a t  t h e r e  is  no energy d i s s i p a t i o n ,  Eqs. ( 3 )  and ( 5 )  
can be equated and, s u b s t i t u t i n g  i n  Eq. ( 6 ) ,  we o b t a i n  

and, accordingly ,  

It i s  ev iden t  from formula (8 )  t h a t  t h e  n a t u r a l  frequency of  
I 

t h e  magnetic t a p e  s e c t i o n  depends on t h e  magnetic t a p e  t e n s i o n .  

Measuring t h e  n a t u r a l  f ~ ~ e q u e n  l V  o f  t h e  t r a n s v e r s e  v i b r a t i o n s  
of  t h e  magnetic t a p e  s e c t i o n  f and ,nowing t h e  numerical  va lues  of  
p and 1, i t  i s  easy t o  c a l c u l a t e  t h e  magnetic t a p e  t e n s i o n .  + 

A schematic block diagram of  a dev ice  f o r  measurement of t h e  1 

t e n s i o n  on a magnetic t a p e  by t h e  no-contact method i s  depic ted  i n  
Fig .  2 ,  where 1 is  t h e  magnetic t a p e ,  2 i s  an  i n d u c t i v e  sensor ,  
3 i s  an a m p l i f i e r ,  4 i s  a n  analyzing device ,  5 i s  a frequency 

i 
I 

meter and 6  i s  a computing device .  



Magnetic t a p e  1 accomp- 
l i s h e s  s p a t i a l  v i b r a t i o n s  i 4- 

d u r i n g  movement, i n c l u d i n g  t 
9 

v i b r a t i o n s  caused by d i s t u r -  
bance of  t h e  support  and 
t r a n s v e r s e  v i b r a t i o n s  a t  t h e  
n a t u r a l  frequency. The s i g n a l  
from induc t ive  sensor  2 passes  
through a m p l i f i e r  3 and e n t e r s  
spectrum ana lyze r  4 ,  where t h e  

i 
3 

predominant f r equenc ies  of t h e  i ' 
n a t u r a l  v i b r a t i o n s  o f  t h e  mag- + 
n e t i c  t a p e  s e c t i o n  a r e  c l e a r l y  
i s o l a t e d .  The numerical va lues  i 
o f  t h e  frequency of t h e s e  v ib ra -  E 
t i o n s  i s  determined by frequency 
meter 5. They e n t e r  t h e  com- /= , 
put ing  dev ice ,  which is  equip- 
ped wi th  dev ices  f o r  e n t e r i n g  
t h e  va lues  of  p and 1. I n  
t h i s  manner, we o b t a i n  T a t  
t h e  computing devic?  o u t p u t .  

F ig .  2. Not only c o n s t a n t ,  but  
v a r i a b l e ,  components of  t h e  

magnetic t a p e  t e n s i o n  can be measured w i t h  t h i s  dev ice .  The fre-  
quency range of  measurement of t h e  t e n s i o n  v i b r a t i o n s  of t h e  mag- 
n e t i c  t ape  can be changed by changing t h e  time i n t e r v a l  between 
frequency meter r ead ings .  

The method s e t  f o r t h  can be used widely i n  s tudy of h igh ly  
a c c u r a t e  t a p e  feed  mechanisms. However, t o  c r e a t e  a more n e a r l y  

# 

p e r f e c t  and a c c u r a t e  dev ice  o f  t h i s  type ,  t h e  consequences of 
i r r e g u l a r i t i e s  i n  t h e  magnetic t a p e s  must be taken account of  and 
c o r r e c t i o n s  must be in t roduced i n t o  formula (8) ,  and l i m i t i n g  
cond i t ions  f o r  t h e  magnetic t a p e  s e c t i o n  ( i n  our  case ,  it was . . 
assumed t h a t  Y,,,~ = 0) a l s o  a r e  necessary .  

' I  



EXPOSURE OF DEFELLS I N  GEAR DR-TES OF AN EXCAVATOR 
BY THE VIBROACOUSTICAL METHOD 

R.A.  Makarov, Yu.A. Gasparyan 
(Moscow) 

Recordings of  t h e  v i b r a t i o n s  of t h e  gea r  d r i v e  housing of an 
excavator  wi th  i t s  p a r t s  i n  f a u l t y  cond i t ion  were analyzed.  The 
spectrum i s  changed i n  t h e  low-frequency p o r t i o n  by displacement  !! 

of  t h e  s h a f t  ( coax ia l  misalignment,  nonperpend icu la r i ty ) .  1 : 
By i n t r o d u c t i o n  of an  a r t i f i c i a l  d e f e c t  ( c u t t i n g  a t o o t h  , 2  

of a  gear  p a i r ) ,  t h e  spectrum i s  changed i n  t h e  low and medium 1 r 
frequency reg ions .  The g r e a t e s t  v i b r a t i o n  pu l se  amplitude i s  , . 

, . observed a t  low f requenc ies ,  i n  a l l  modes of  o p e r a t i o n  of t h e  . . 

gear  d r i v e s .  With a  d e f e c t  i n  t h e  a n t i f i D i c t i o n  bea r ing  (breaking 
of  t h e  s e p a r a t o r  and o u t e r  r a c e ) , a  change i n  t h e  continuous v ib ra -  
t i o n  spectrum i s  observed. Various harmonics o f  t h e  s h a f t  r o t a -  
t i o n  frequency a r e  inc reased  i n  ampli tude.  Overshoots i n  f r e -  
quencies and m u l t i p l e  r e p e t i t i o n  r a t e s  of t h e  b a l l s  i n  t h e  o u t e r  
r a c e  appear.  The genera l  l e v e l  and s p e c t r a l  c h a r a c t e r i s t i c s  of  
t h e  v i b r a t i o n s  a r e  changed by p a i n t i n g  t h e  g e a r s  and a n t i f r i c t i o n  
bear ings .  With pee l ing  and s c a l i n g  of  t h e  gea r  cogs, t h i s  e f f e c t  
i s  not  observed. I n t r o d u c t i o n  o f  d e f e c t s  by t u r n s  permi t ted  t h e  
approximate frequency range t o  be  determined f o r  diagnosing gear  
d r i v e  p a r t s .  

It was e s t a b l i s h e d  t h a t  t h e  d e f e c t s  of  t h e  gear  d r i v e  enumerated 
can be def ined by 17 1/3 oc tave  f i l t e r s .  



REDUCTTON OF VTBRATXONS OF ELECTRICAL MACHINES 

R.A. Dashevskiy 
(Khar ' kov ) 

The requirements as to vibration levels of electrical machines 
have considerably increased in recent years. Reduction of vibra- 
tion is an important problem, encompassing questions of not only 
technology, but of working conditions and living conditions of men. 
In addition, the vibration level of an electrical machine deter- 
mines its quality to a certain extent. 

The basic sources of vibrations in electrical machines are 
disbalanced masses of the rotor, bearings and electromagnetic field 
air gap. 

One of the ways for improvement in the vibration characteris- 
tics of electrical machines produced by mechanical sources can be 
the use of dampers in them, of materials with increased friction 
between parts, dissipating the energy of the vibrations generated 
in the machine, installed in the paths of their propagation. The 
effectiveness of the use of dampers depends to a considerable extent 
on the compatibility of their characteristics with the vibration 
parameters. 

A method is proposed for calculation of the damping elements 
located between the bearings and mounts. 

Equilibrium conditions for such a system have been worked out 
in the polar coordinate system: 

where U and V are dimensionless components of the displacement 
vector in the radial and peripheral directions, respectively; a is 
the Poisson coefficient; and r and @ are the polar coordinates. 

t 
$ 

Solving the system and changing to the Descartes coordinate /206 ; 
system, an expression was obtained which permitted determination 
of the damping element parameters: a 
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where P i s  t h e  load  a c t i n g  on t h e  damping element; 1 i s  t h e  width 
of t h e  damping element; E i s  t h e  modulus of e l a s t i c i t y  of  t h e  e l e -  
ment m a t e r i a l ;  K i s  a  t e s t  c o e f f i c i e n t ;  r o  i s  t h e  r a t i o  of t h e  
o u t e r  d iameter  of  t h e  element t o  t h e  i n n e r  d iameter ,  and 

One of  t h e  b a s i c  causes of magnetic v i b r a t i o n s  i n  e l e c t r i c a l  
machines i s  r a d i a l  f o r c e s ,  v a r i a b l e  over t ime,  a c t i n g  on t h e  a i r  gap: 

p,= 3. [i - c $b, cor ?z2 (..r - mr)J ' -  F;:, . 
:4 

where PO i s  t h e  magnetic pe rmeab i l i ty  of  a i r ;  60 i s  t h e  magnitude 
of t h e  a i r  gap; kg i s  t h e  a i r  gap c o e f f i c i e n t  ( C a r t e r  c o e f f i c i e n t ) ;  
8 and b,, a r e  s t r u c t u r a l  c o e f f i c i e n t s ;  v i s  t h e  o r d e r  of t h e  acous t i -  
c a l  harmonic; Z2 i s  t h e  number o f  channels  i n  t h e  armature;  w i s  
t h e  angu la r  v e l o c i t y ;  and F(,) i s  t h e  magnetomotive f o r c e .  

For r educ t ion  of  t h e  t ime-var iable  components of  t h e  r a d i a l  
f o r c e s  (and, a s  a consequence, t h e  v i b r a t i o n  level), it i s  proposed 
t h a t  t h e  armature c h a n r c l s  be bridged over  w i t h  magne tod ie lec t r i c  
wedges, made of a  s p e c i a l  fe r romagnet ic  d i e l e c t r i c  substance.  The 
r e s u l t s  of i n v e s t i g a t i o n  show t h a t ,  i n  t h i s  case ,  not  only t h e  
v i b r o a c o u s t i c a l ,  but t h e  energy c h a r a c t e r i s t i c s  of e l e c t r i c a l  
machines a r e  improved by i n s t a l l a t i o n  of t h e s e  wedges,and t h e i r  
e f f i c i e n c y  i s  inc reased .  

i 
? 



'' ELECTRICAL AND ACOUSTICAL RESONANCES OF VIBRATORS 

MeV. Khvingiya, T.G. Tatishvili, and A.G. Zil'berg 
(Tbilisi) 

: 
The cause of noise in electrical vibrators is the resonance i 

properties of electromechanical systems, the vibrations of individual [ 
box and plate type parts. 

Let us examine the interconnections between the basic components i 
of the noise spectrum created by the ,machine and the characteristics 
of the forced vibrations of the system. f 

! 

Nonlinear vibration stimulators are used in electrical vibra- 
tors. The nonlinear properties are inherent in both the electro- I 

magnetic and elastic elements. The spectrum of vibrations excited i 
in a working part is characterized by harmonics of the type sinkw, 
where w is the frequency of the exciting force (usually, w = 50 Hz) 
and k is a fractional or whole number, corresponding to the sub- i 
and ultraharmonics. r 

The differential equations for vibration of a single-cycle i 
machine, with resonant elastic elements, has the form 

i, + 2n1 xl + mi, .r, ( I + zv;) = 0,03 1 c D t i ~ ,  sm: 

; 
,) 

For a machine with cylindrical springs, nl = 12, w01 = w02 and s = 0. B 
In these equations, 6 is the initial gap, S is the electromagnet 

4 
i! 

surface area, w is the number of turns in the coil, r is the active f 
coil resistance, m is the corrected mass, v0 is the magnetic con- 
stant, E is a dimen~ionle~~ coefficient, accounting for the non- t 

linear lengthening of the spring, 2nl 2 = cl 
5 
2 

the corrected coefficients of the ineiastic i 
the rigidity of the system in the exciting (1) and 
$1 2 are the damping coefficients, 2 are the natural angular 
frhquencies , "P is the amplitude ofW!k& voltage supplied and 4 is 
the magnetic f ux of the electromagnet. 

i 

The amplitude-frequency characteristics, corresponding to 
mass-production specimens of the 184-PT (with springs) and C-920 
(with coils) machines are shown in Fig. 1. 

The characteristics were obtained with a power amplifier and /I11 
a low-frequency generator, with deep frequency modulation of the 
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supply voltage. Similar resonance characteristics for the system f 

of equations (1) also were reproduced by analog computer [l]. 2 t 

t 
The noise characteristics of the macli,le were taken off with i 2 4 

a measuring circuit, consisting of a noisc rleter, noise spectrum 1 
analyzer and electronic oscillograph with r.?mory, according to 
the generally accepted method [2, 31. The measurement points were 

6 
I 
3 

located at a distance of 1 meter from the machine. Coneidering the 
total symmetry of the operating elements of the mac:line relative $ 

to its longitudinal axis, measurements were restricted to five 1 c 

measurement points (four points around the perimeter and the fifth g 

over the exciter). 

Fig. 3 .  i 

Curves of the acoustical pressure level spectra of the (2-920 
machine, at a supply voltage frequency of 50 Hz and magnetic biasing 
currents, equal to la, 2a and 3a, corresponding to the measurement 
point along the side of the machine in the plane of the elastic 
elements, are depicted in Fig. 2. Curves of the acoustical pressure 
level spectra of the 184-PT machine are plotted in Fig. 3, with a 
supply voltage frequency of 50 Hz and prestresses on the springs 
at the fastening points, q = 16-80 kg/cm2. It is evident from the 
curves than an optimum prestress between springs, ensuring a minimum 



level of acoustical pressure is observed. 

In this manner, correspondence between the acoustical spectra 
and nonlinear forced vibrations of the electromechanical system is 
observed in the electrical vibrator. The characteristics of the 
nonlinear system can be used for diagnosing a noise spectrum. 
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PROBLEMS OF VIBROACOUSTICAL DIAGNOSTICS 
OF TEXTILE MACHINES 

L.N. Ivanov, O.N.  Pobol l ,  G.T. Qevorkyanl 
(Moscow) 

Analysis of e x i s t i n g  methods of monitoring t h e  asselobly and 1 
! 

adjustment of  such mechanisms as t h e  shed forming and s l a y  mechan- 
isms o r  types  STB, ATPR and o t h e r  n o n s h u t t l e  looms and t h e  cam 

j 
d r i v e s  of conveyor-type machines has shown t h a t  t h e  v i b r o a e o u s t i c a l  i 
method i s  t h e  most s u i t a b l e  method f o r  d i a g n o s t i c s .  i 

1 

A diagram of t h e  s l a y  
mechanism of a type  STB 
loom i s  shown i n  Fig .  1. 
The assembly adjustment  
o f  t h i s  mechanism i s  
c a r r i e d  out  by a s e l e c -  
t i o n  of r o l l e r s  (Nos. 5 )  
and, i n  t h i s  case ,  t h e  
n e c e s s i t y  f r e q u e n t l y  
a r i s e s  f o r  r epea ted  d i s -  
mantl ing a ~ i d  cew se lec -  
t i o n  o f  r o l l e r s .  

The r e c i p r o c a t i n g  
a c t i o n  s l a y  mechanism 
opera tes  a t  a speed of  
up t o  280 rpm, depending 
on t h e  width of t h e  loom, 
The e x c i t e r  of t h e  b a s i c  1'213 
a c o u s t i c a l  s i g n a l  2s t h e  
impact of' t h e  r o l l e r s  on 
t h e  cams dur ing  change 
i n  d i r e c t i o n  o f  movement, 
with t h e  frequency of  
r o t a t i o n  of t h e  c a m h a f t  
(NOS. 8 ) .  Fig .  1. 1 

Since t h e  mechanism i s  enclosed i n  a c losed  housing of smal l  s i z e ,  
i n s t a l l e d  on t h e  loom wi th  a v i b r a t i o n  i s o l a t i n g  d r i v e ,  i t  can be i 
considered a p o i n t  r a ? i a t o r ,  and t h e  power o f  t h e  high-frequency 
n o i s e  i s  determined by t h e  equat ion  

i 
I 

I 

I h ~ . 8 .  m l  .?, 0414, w = k ( - j j % )  
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where S Is t h e  a r e a  o f  t h e  r a d i a t i n g  surfe .ce,  B i s  t h e  r i g i d i t j  
o f  t h e  housing,  M i s  t h e  s p e c i f i c  mass, TI i s  t h e  gap, m i s  t h e  
s p e c i f i c  impact m a L s ,  w i e  t h e  frequency and k i s  B c o n s t a n t .  

The s p e c t r a  of' t h e  a c o u s t i c a l  p r e s s u r e ,  ob:: tiled fqr  two 
d i f f e r e n t  gaps between t h e  r o l l e r s  and cams, a r c  presented I n  
F ig .  2. 

The a c o u s t i c a l  pr e s s u r e  
i n  t h e  hfsh-frequency maximum 
r a d i a t i o n  of  t h e  spectrum, a t  
f r e q u e n c i e s  of  30C-1500 Hz 
(which co~*responds t o  an  
impact dui*st ion of 10-3) change3 
by 4 dB. Cs::sequently, c a r r y i n g  
o u t  t h e  d i a g n o s i s  b2 means of a  
sensor-mlcropho~e i s  imposs ib le  
i n  t h i s  case .  

An acce lerometer  can te 
used a s  t h e  sensor, Its p o i n t  

F ig .  2 .  of i n s t a l l a t i o n  i s  s e l e c t e d  s o  
t h a t  tk-ere w i l l  be a d i p  i n  t h e  

Key: a .  . ~ . c o u s t i c s l  p r e s s u r e  f'requency c h a r a c t e r i s t i c  of  t h e  
l e v e l  jdR) v i b r a t i n g  p a r t ,  on which t h e  

b.  Mean geometr ic  f requency sensor  i s  i n s t a l l e d ,  i n  t h e  
i n  1/3 oc tave  baneis (Hz)  rep,ion of t h e  maxinirm a c o u s t i -  

c a l  s i g n a l  from t h e  r o l l e r s .  
Thie a l lows  the re  t o  be a  drop  

i n  t h e  v i b r a t i o n s  f o r  t h o s e  v a l u e s  of  t h e  gap i n  tl-e mechanism 
which amount t o  10-20 dB. 



DIAGNOSTIC DEVICE FOR MONITORING THE TECHNICAL 
CONDITION OF MECHAlJICAL ASSEMBLIES 

V . 1 ,  Osovskiy, V,V.  Sherg in ,  and V . I .  Shumilin 
(Rostov-on-Don) 

An a u t m a t t c  d i a g n o s t i c  dev ice  f o r  moni tor ing  t h e  c o n d i t i o n  
of t r a c t o r  t r ansmiss ion  gea r s  i s  desc r ibed .  

The s t r u c t u r a l  n o i s e  spectrum of t h e  g e a r s h i f t  box and 
r e a r  a x l e  of t h e  t r a c t o r  were analyzed i n  a d i g i t a l  computer, by 
an a lgor i thm based on t h e  m u l t i p l e  c o r r ~ l a t i o n  method. 

The optimum assembly of  o p e r a t i n g  f r equenc ies ,  by use  o f  
which t h e  e r r o r s  i n  measurement were minimized, was s e l e c t e d  from 
t h e  e n t i r e  frequency spectrum. 

Se lec ted  f r equenc ies  a r e  necessary  f o r  choosing t h e  measure- 
ment range of  t h e  d i a g n o s t i c  device .  It tu rned  ou t  that, t o  o b t a i n  
a  r e l a t i v e  e r r o r  of no more t h a n  2 % ,  i t  was s u f f i c i e n t  t o  use two 
f i l t e r s ,  v i b r a t i n g  only a t  t h e  f r equenc ies  c a r r y i n g  t h e  maximum 
d a t a  of t h e  mechanical parameter  be ing  i n v e s t i g a t e d .  

The measurement system c o n s i s t s  of  f requency-se lec t ion  f i l t e r s ,  
a m p l i f i e r s  and q u a d r a t i c  d e t e c t o r s ,  a t  t h e  o u t l e t s  o f  which c o n s t a n t  
vo l t ages  a r e  c r e a t e d ,  which a r e  p r o p o r t i o n a l  t o  t h e  s i g n a l  l e v e l  
a t  t h e  f r equenc ies  s e l e c t e d .  

The a n a l y s i s  and l o g i c  system c o n s i s t s  of  a  s e r i e s  o f  s e n s i -  
t i v e  th resho ld  elements ,  w i th  c o n t r o l  r e l a y s  and i n d i c a t o r s ,  per-  
m l t t i n g  i d e n t i f i c a t i o n  of t h r e e  c l a s s e s  of c o n d i t i o n s  cf t h e  gea r .  
Delayed blocking g e n e r a t o r s ,  wi th  d i o d e - t h y r i s t o r  o u t l e t s ,  were 
used a s  th resho ld  elements .  

The d i a g n o s t i c  dev ice  was r e g u l a t e d  and t e s t e d  i n  one of  t h e  
f a c t o r i e s .  The t h r e s h o l d  v o l t a g e  va7ues B i j  = a i j  were c a l c u l a t e d ,  
by proceeding from t h e  e q u a l i t y  p resen ted  and t h e n  were s e t  i n t o  
t h e  instrument:  

where a 1  anr2 a 1  a r e  t h e  r o o t  mean d e v i a t i o n s  of t h e  s i g n a l  of t h e  
corresponding c  f ass from t h e  mathematical  e x p e c t a t i o n  r n ~  and m11. 



The instrument  was t e s t e d  on 18 o b j e c t s ,  and it showed an  
e r r o r  of  no more than  8%. The presence of exchangeable and re- 
b u i l d a b l e  f i l t e r s  i n  t h e  instrument  permi ts  t h e  p o s s i b i l i t y  i n  
p r i n c i p l e  of  monitoring any mechanical asdemblies ,  thereby making 
it u n i v e r s a l  t o  a c e r t a i n  e x t e n t .  



DIAGNOSTICS OF AUTOMOBILE ENGINE MECHANISMS 
BY VIBRATICN PARAMETERS 

B.I. Tarantsev, V.G. Makarov 
(Riga) 

The use of the vibroacoustical method of diagnostics of the 
technical condition of an engine is based on a series of premises: 
the generation of impacts in the linking mechanisms of carburetor 
engines; periodicity 01' repetition of impacts in linking mechan- 
isms; the presence of specific frequency characteristics of both 
individual parts and of the entire engine, as a total system. 

The selection of the method and development of means for 
diagnostics of the technical condition of an engine are based on 
these premises. 

Based on an instrument for estimating the technical condition 
of engine mecharlisms by the vibration parameters (HRI-1 [height- 
range indicator]), a method of frequency phase selectivity, 
developed at the Moscow Highway Institute, was proposed. 

The engine, in specific modes of operation, firmly maintained 
under SDA-70 conditions by an automatic mode selector, was tested 
by the HRI-1 instrument. An estimate of the technical condition 
of the engine mechanisms is accomplished by the vibration accelera- 
tion amplitude cf the vibration pulse being investigated, as well 
as according to the shape of the latter. 

The results of diagnosis by an automobile inspection team 
were favorable and demonstrated the acceptability of the diag- 
nostic method under operational conditions. 

Experience in development and test of the HRI-1 instrument 
permitted general requirements for means for diagnostics of engine 
mechanism by the vibration parameters to be formulated. 



DIAGNOSTICS OF SOURCES OF ERRORS 
I N  GYROSCOPIC INSTRUMENTS 

M.K. Lyutkevichyus, Z.Yu. Potsyus ,  and B.B. Rinkevichyus 
(Kaunas ) 

Measurement of t h e  accuracy o f  o p e r a t i o n  of  gyroscopic  i n s t r u -  
ments i s  p a r t i c u l a r l y  u r g e n t ,  w i th  r e g a r d  t o  i n c r e a s e d  accuracy  i n  
c o n t r o l  of  i n e r t i a l  systems.  A major problem i s  t h e  s tudy  of  gyro- 
scop ic  d r i f t  and i t s  causes .  Dis turbances  caus ing  d r i f t  i n  gyro- 
scopes ,  such a s  f r i c t i o n  i n  t h e  frame suspens ion  b e a r i n g s ,  s t r e s s  /216 
on t h e  a n g l e  s e n s o r ,  dynamic d i s b a l a n c e  of  t h e  r o t o r ,  t h e  " t u r b i n e  
e f f e c t "  of t h e  a i r  bea r ings ,  e t c . ,  a r e  random and c h a o t i c ,  and 
t h e  d r i f t  caused by them i n  t e s t s  t e n d s  towards ze ro .  Moreover, 
t h e  r a t e  of d r i f t  i s  i n s i g n i f i c a n t l y  sma l l  i n  a b s o l u t e  va lue ;  how- 
e v e r ,  e r r o r s  in t roduced by them can a f f e c t  t h e  o p e r a t i o n  of i n e r t i a l  
systems i n  a  s i g n i f i c a n t  manner. There fo re ,  i t  i s  e s p e c i a l l y  
important  t o  c a r r y  out  measurements o f  gyroscope d r i f t s  over  small 
i n t e r v a l s  of t ime.  

The t e s t  s t and 'deve loped  has 12 f i x e d  p o s i t i o n s  of t h e  r o t a t i n g  
t a b l e  on which t h e  t e s t  gyroscopic in s t rumen t  i s  i n s t a l l e d .  The 
chuck o f  t h e  r o t a t i n g  t a b l e ,  suspended on a i r  b e a r i n g s ,  i s  tu rned  by 
a to rque  g e n e r a t o r  zt a speed, equa l  t o  and o p p o s i t e  i n  d i r e c t i o n  
t o  t h e  speed of r o t a t i o n .  The e a r t h  and, t h u s ,  t h e  apparent  d r i f t ,  
caused by t h e  speed o f  r o t a t i o n  o f  t h e  e a r t h ,  a r e  e l imina ted .  
The magnitude o f  t h e  n a t u r a l  d r i f t  o f  t h e  gyroscope i s  measured 
by an  angu la r  p o s i t i o n  sensor  c o n v e r t e r .  A computing dev ice  e n s u r e s  
automatic  p rocess ing  of  t h e  d i g i t a l  d a t a .  



ANALYSIS OF THE RELATIONSHIP BETWEEN ERRORS 
IN MANUFACTJRE OF SLOT CONNECTIONS AND GEAR DRIVE NOISES 

M. K. Bodronosov 
(Moscow) 

On the basis of experimental research, an analysis was carried 
out of the effect of certain errors in manufacture of straight- 
barrel slots on the noise characteristics of gear drives. In 
carrying out the experiments, the gear crowns of the test wheels 
were held immovable, and only the geometric dimensions of the slots 
and :he mutual locations of the individual elements were varied. 
The investigation of the effect of each factor was carried out 
under otherwise equal conditions, on 34:56 cog ratio gear   airs 
(m = 2mm), made of 40 C steel, with a gear crown accuracy of 7 X, 
machining fineness A 7, e.t a speed v = 7.1 m/sec. The number of 
slots was 6. 

The clearance in slot pairs in dimension D,' equal to 0.015, 
0.05, 0.08 and 0.110 mrn, was obtained by change in the outer dia- 
meter of the spindle by medns of polishing. 

The results of the tests of the experimental wheels showed /217 
that their noise level increases with increase in clearance. 

Curve 1 (Fig. 1) corresponds to the noise level of gear pairs 
as a function of clearance in diameter D. Increase in noise of 
the gears with increase in clearance in diameter D can be explained 
by increase in shock pulses in the slot connection, and then by 
increase in the dynamic forces directly on the gears. 

A comparative analysis 
of the noise frequency spec- 
tra (Fig. 2a) shows that 
the acoustical pressure 
increases with increase in 
clearance in dimension D, 
in both the harmonic of 
the reciprocal frequency 
Zs (on the order of fs = 
= 200 Hz), and on the tooth 
frequency (ft = 1140 Hz) 
and its higher harmonics 
(2ft and 4ft). 

The different size 
clearances in the slot 

403 Q aoo Q I ~  o ~ s  018 pairs were produced by 

Clearance, , change in the widths of 
Fig. 1. the notches in the gear 



hubs.  The e f f e c t  on t h e  n o i s e  l e v e l  of  t h e  s i z e  o f  t h e  c l e a r a n c e  
i n  dimension b i s  no t  s o  s i g n i f i c a n t  a s  t h e  e f f e c t  o f  t h e  c l e a r -  .d 
ance  i n  dimension D (curve  2,  F i g ,  1 ) .  The n o i s e  l e v e l  i s  i n c r e a s e d  
o v e r a l l  by 2 dB, w i t h  i n c r e a s c  i n  c l e a r a n c e  t o  0.09 mm and more. 
Here, t h e  a c o u s t i c a l  p r e s s u r e  i n c r e a s e s  more r a p i d l y  on t h e  second 
and t h i r d  harmonics o f  t h e  t o o t h  f requency  f t  (F ig .  2b)  w i t h  
i n c r e a s e  i n  c l e a r a n c e  i n  dimension b .  The i n c r e a s e  i n  t h e  high- 
f requency  components o f  t h e  n o i s e  i s  exp la ined  by i n c r e a s e  i n  1218 
i n t e n s i t y  of v i b r a t i o n  o f  t h e  wheel,  a s  a  r e s u l t  of  impac ts  wh i l e  
meshing. An i n c r e a s e  i n  components, on t h e  s l o t  f requency  ( f s  = 
= 150 Hz) and on t h e  subharmonics o f  t h e  t o o t h  f requency  (660 and 
440 Hz) a l s o  i s  s e e n  i n  F ig .  2b. T h i s  can  be e x p l a i n e d  by an 
i n c r e a s e  i n  t h e  deg ree  o f  s e p a r a t i o n  o f  t h e  t e e t h ,  due t o  d e t e r i -  
o r a t i o n  i n  c o n d i t i o n s  o f  c e n t e r i n g  o f  t h e  wheel on t h e  s l o t  s h a f t s .  

E r r o r s  i n  t h e  mutual  
l o c a t i o n s  o f  s l o t  e lements  
a l s o  a f f e c t  t h e  v ibroacous-  
t i c a l  c h a r a c t e r i s t i c s  o f  
t h e  g e a r  d r i v e .  I n  par-  
t i c u l a r ,  i n c r e a s e  i n  
a p a r a l l e l i s m  of  t h e  l a t e r a l  
s u r f a c e s  of  t h e  s l o t s ,  by 
a v a l u e  o f  0.020-0.030 mm 
i n  a l e n g t h  of  100 mm 
( a t  a dimension D = 34 rnm), 
l e a d s  t o  a n  i n c r e a s e  i n  
n o i s e  l e v e l  by 1.5-2 dB. 

- 
.) 

al 
l4 Devia t ions  i n  s l o t  / 2 l 3  
3 I 

-- 
s p a c i n g  show a less 
n o t i c e a b l e  e f f e c t  on t h e  
n o i s e .  

I n  g e a r  d r i v e s ,  
hav ing  c o n s i d e r a b l e  e r r o r s  
i n  t h e  mutual  l o c a t i o n  o f  
s l o t  e l emen t s ,  t h e  c o n t a c t  
p o i n t  d e t e r i o r a t e s  .!nd 
c o n d i t i o n s  f o r  smooth opera-  

63 fa 950 sao fO#p P(KD - - t i o n  a r e  d i s r u p t e d .  

b 
Frequency, Hz 

Fig .  2 .  



THE PROBLEM OF C A R R Y I N G  OUT A DIAGNOSIS 
OF AN INTERNAL COMBUSTION ENGINE BY VIBROACOUSTICAL PARAMETERS 

V.N. Lukanin and V . I .  Sidorov 
(Moscow) 

I n v e s t i g a t i o n  o f  t h e  phys ic s  of  n o i s e  format ion  i n  an i n t e r n a l  
combustion engine ,  c a r r i e d  ou t  i n  t h e  Transpor t  Engines Problems 
Laboratory,  Moscow Highway I n s t i t u t e ,  r evea led  a s e r i e s  of  p a t t e r n s  
i n  t h i s  phenomenon. A dependence of t h e  a c o u s t i c a l  r a d i a t i o n  on 
t h e  engine  o p e r a t i n g  p rocess ,  i t s  c o n s t r u c t i o n ,  and o p e r a t i o n a l  
parameters ,  as w e l l  as on t h e  degree  o f  wear o f  i t s  p a r t s ,  has  been 
e s t a b l i s h e d .  

A t  t h e  p r e s e n t  t ime ,  t e s t  specimens of  in s t rumen t s  and d e v i c e s ,  
which permit  e v a l u a t i o n  of t h e  c o n d i t i o n  of  i n d i v i d u a l  mechanisms, 
systems, a s sembl i e s  and connect ions  i n  an  engine  by t h e  n a t u r e  of 
t h e  v i b r a t i o n s  o r  n o i s e ,  a l r e a d y  a r e  o p e r a t i n g  i n  some automobile  
p l a n t s ,  d i a g n o s t i c  s t a t i o n s  and motor t r a n s p o r t  e s t ab l i shmen t s .  

However, t h e  complex r e l a t i o n s h i p  of t h e  v i b r o a c o u s t i c a l  para-  
meters  t o  many f a c t o r s  o p e r a t i n g  i n  a dynamic system, i n  o p e r a t i o n  
of an  i n t e r n a l  combustion engine and, b e s i d e s ,  worn ones ,  can be 
l ea rned  wi th  maximum accuracy only wi th  t h e  a i d  of c y b e r n e t i c s .  

The n e c e s s i t y  f o r  use  of  an automotive type  p i s t o n  engine i n  
d i a g n o s i s  i s  a d i s t i n c t ' q n  i n  s e t t i n g  up t h e  problem o f  t h e  use  of  
c y b e r n e t i c  methods of  accomplishing d i a g n o s i s  of  such a mass o f  
p a r t s  as an automotive type  p i s t o n  engine i s .  Th i s  i s  dnpendent 
on t h e  f a c t  t h a t  t h e  f i n a l  purpose of a d i a g n o s i s ,  a p a r t  from 
e v a l u a t i n g  t h e  a b i l i t y  of t h e  engine  t o  o p e r a t e ,  i s  p r e d i c t i n g  i t s  
l i f e  and t h e  d u r a t i o n  of  economical ly a d v i s a b l e  o p e r a t i o n .  

What has  beer1 s e t  f o r t h  can be fol lowed by t h e  exanlple of -- /220 
e v a l u a t i o n  of t h e  t e c h n i c a l  c o n d i t i o n  of  t h e  connect ing  pod k a r i n g s  
of a GAZ-51 engine ,  having d i f f e r e n t  c l e a r a n c e s  between t h e  s h a f t  
j o u r n a l s  and bushings.  It has  been e s t a b l i s h e d  exper imen ta l ly  t h a t  
t h e  ampli tude of t h e  n a t u r a l  v i b r a t i o n s  a t  t h e  moment of impact o f  
t h e s e  p a r t s  i s  i n c r e a s e d  by 2 dB f o r  each 0 . 1  mm o f  i n c r e a s e  i n  t h e  
c l e a r a n c e  between them. This  phenomenon i s  noted  i n  a d e f i n i t e  band 
of t h e  frequency spectrum of t h e  v i b r a t i o n s ,  e x c i t e d  i n  t h e  engine  
a t  d e f i n i t e  speeds ,  h e a t  and load  modes, a t  s p e c i f i c  advances i n  
t h e  ang le  o f  i g n i t i o n  of  t h e  o p e r a t i n g  mixture  i n  t h e  c y l i n d e r s .  
However, t h e s e  r e l a t i o n s h i p s  a r e  not  r e c t i l i n e a r .  For  example, 
a change i n  t h e  i g n i t i o n  advance from 10 t o  22O of  t h e  d e f l e c t i o n  
an l e  of  t h e  c ranksha f t  causes  an i n c r e a s e  i n  t h e  ampli tude of 
O . f  dB p e r  degree ,  and Prom 28 t s  3h0, only  0.17 dB p e r  degree .  
The e f f e c t  of t h e  motor o i l  t empera ture  shows up t o  a g r e a t  e x t e n t  
i n  t h e  b e a r i n g s ,  w i th  I n c r e a s e  i n  t h e  c l e a r a n c e s  i n  them. Thus, 
an  i n c r e a s e  i n  t h e  ampli tude of t h e  v i b r a t i o n s  by 2 dB t a k e s  p l a c e  



i n  bea r ings  wi th  a c lea rance  of 0.27 mm, with  an o i l  temperature of  
from 30 t o  4b°C,  and, i n  bea r ings  wi th  a  c l ea rance  of 0.18 mm, from 
30° t o  55OC. Consequently, i n  e v a l u a t i n g  t h e  cond i t ion  of  an d 

i n t e r n a l  combustion engine t h e r e  must be an  i n v e r s e  nega t ive  con- 
n e c t i o n  between t h e  v i b r o a c o u s t i c a l  parameters  and t h e  f a c t o r s  e 
a f f e c t i n g  them. This  permi ts  t h e  e r r o r  i n  e x t r a p o l a t i o n  (predic-  
t i o n )  of a s p e c i f i c  t e c h n i c a l  cond i t ion  of tile engine t o  be reduced 
t o  a minimum, and i t s  weakest assemblies  o r  mechanisms t o  be revea led .  

3 ; 
a & r e d I c t i n g  t h e  r e l i a b i l i t y  of an engine,  i n  t u r n ,  must t a k e  1 

1 

place  wi th  c o n s i d e r a t i o n  of t h e  e f f e c t  of t h e  degree of wear of i t s  1 
assembl ies  and connect ions ,  a s  we l l  as of t h e  o p e r a t i n g  c o n d i t i o n s ,  4 .. 1 

i which w i l l  a f f e c t  t h e  r a t e  of wear of p a r t s  i n  t h e  f u t u r e .  In  t h i s  
b 
I case ,  an i n v e r s e  cofinection w i t h  t h e  f a c t o r s  caus ing such an  e f f e c t  
i 

i s  necessary .  I 

A system f o r  cyberne t i c  d i a g n o s t i c s  of an i n t e r n a l  combustion 
engine by v i b r o a c o u s t i c a l  parameters i s  shown i n  t h e  diagram. 

I n  p a r t i c u l a r ,  it i s  c l e a r  from t h i s  diagram t h a t  t h e  problem 
of  d i a g n o s t i c s  i s  not  only i n  d e t e c t i o n  of d e v i a t i o n s  of  t h e  engine 
from t h e  normal dynamic cond i t ion ,  but  I n  p r e d i c t i n g  i t s  o p e r a t i n g  I ,  

c a p a b i l i t y  dur ing  t h e  succeeding o p e r a t i n g  pe r iod .  
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Fig .  1. Diagram o f  system of  c y b e r n e t i c  diagnostics o f  an i n t e r n a l  
combustion engine  by  v i b r o a c o u s t i c a l  parameters .  

F ( t )  work completed; SJ(w) f o r c e  spectrum; k(w) frequency charac-  
t e r i s t i c ;  y c o n d i t i o n  of  a s sembl i e s ;  S(w) v i b r a t i o n  spectrum; f ( t )  
t ime c h a r a c t e r i s t i c  of  v i b r a t i o n s ;  kl(w) f l u c t u a t i o n  i n  k ( w ) ;  Z 
i r r e g u l a r i t y  i n  c y l i n d e r  o p e r a t i o n ;  v  speed c o n d i t i o n s ;  N, l oad  
cond i t ions ;  O C  t empera ture  c o n d i t i o n s ;  v motor o i l  v i s c o s i t y ;  
O spa rk  advance; V y ( w )  r a t e  of p a r t s  wear w i t h  d i f f e r e n t  degrees  
of  wear; V y ( l ) ,  V y ( m ) ,  Vy(h) r a t e  of p a r t s  wear under v a r i o u s  
o p e r a t i n g  c o n d i t i o n s ;  %(t)  mean number of  breakdowns; (t) break- 
down flow parameter ;  T running  t ime t o  breakdown; P ( t ,  y )  gamma- 
pe rcen t  s e r v i c e  l i f e ;  P ( T )  = exp(-T/T) p r o b a b i l i t y  of breakdown- 
f r e e  o p e r a t i o n ;  TB mea7.1 t ime f o r  r e s t o r a t i o n ;  Kp t e c h n i c a l  r e a d i n e s s  
c o e f f i c i e n t ;  K t  t e c h n i c a l  use  c o e f f i c i e n t .  



TRANSITIONAL MODES OF MOTION AND CAPTURE 
REGIONS OF VIBROSHOCK SYSTEMS 

V.L. Ragul'skene 
( Kaunas ) 

In view of the fact that, because of their intrinsic non- 
linearity, vibroshock systems have the property of multiplicity of 
periodic modes of motion, it is urgent that the capture regions 
be determined, i.e., the initial motion parameter regions, from 
which the system is drawn into diverse, periodic shock modes of 
motion. The transitional modes of motion must be determined for 
solution of this problem. There are three initial parameters for 
a nonautonomou~ vibroshock system with one degree of freedom: 
coordinates, velocity and time. It was shown earlier [l] that it 
is possible and expedient to investigate the transitional modes 
and capture regions of vibroshock systems in the phase plane of 
two variables (phases and shock velocity). 

It also was proposed [I], for a more complete investigation 
of the transitional modes of motion, as well as for determination 
of the capture regions, to use calculations, not only in the direc- 
tion of increase, but in the direction of decrease, in time (indices). 
Transitional modes (pa~*ameters of motion at two neighboring impact 
points) were investigated in the work by the mathematical modeling 
method on an analog computer, in the directions of increase and 
decrease in time, with stabilized exciting pulse amplitudes and 
widths. For nonlinear systems, we immediately obtain the boundary 
of the capture region from an unstable point modeled in the reverse 
direction. If the system does not have unstable points (as, for 
example, the single niass vibroshock system investigated in this 
work), modeling in the reverse direction, we can change the scale 
(for example, five times, in our case) and, thereby, follow the 
transitional process under the initial conditions over a wider 
range than by the direct solution. 

Thus, if the motion of a system ir the direction of increase 
is described by the following differential equation: 

the motion in the direction of decrease in time is described by 
the following equation: 



where x  i s  a genera l i zed  coord ina te ,  t i s  t h e  time i n  t h e  d l r e c -  /223 
t i c n  of i n c r e a s e  and $ = -t i s  t h e  t ime i n  t h e  d i r e c t i o n  of dec rease .  4 

Let us proceed t o  examination of  s p e c i f i c  systems. 

Let us  examine a  s i n g l e  mass vibroshock system, i n  t h e  case  
when t h e  i n t e r a c t i o n  i s  accounted f o r  by t h e  theorem of  p u l s e s  t o  
t h e  c o e f f i c i e n t  of  r e s t o r a t i o n  of t h e  impact v e l o c i t y .  I n  t h i s  
case ,  we assume t h a t  p e r i o d i c  p u l s e s  a c t  on t h e  mass on t he  s t o p  
s i d e  [ 2 ] .  

f The equat ions  of  motion i n  t h e  d i r e c t i o n  of i n c r e a s e  i n  time t 

have t h e  form 'i 
Z 
9 

d'x 
m p =f ( l )  w i t h  x  c 0 

& - 
(5) = - R ( $ ) -  With x P 0  

and on t h e  s i d e  of decrease ,  

I P x  m - P  
with  x c 0 

dl' - F ( t )  
dx + I d * -  ( )  w i t h x s O  

I n  Eqs. ( 3 )  and ( 4 )  

and 

where F = c o n s t ,  k = 0, 1, 2,  ... i s  an expanded n a t u r a l  number, 
T i s  t h e  pe r iod  of t h e  e x t e r n a l  f o r c e ,  u i s  t h e  e x t e r n a l  p e r i o d i c  
f o r c e  pu l se ,  and t h e  s u p e r s c r i p t s  + and - i n  t h e  f irst  d e r i v a t i v e s  
d e s i g n a t e  t h e  v e l o c i t y  a t  t h e  monients be fo re  and a f t e r  impact,  
r e s p e c t i v e l y ,  he re  and subsequently,  

I n  s o l u t i o n  of t h e  problem i n  t h e  d i r e c t i o n  of decrease  i n  
t ime, t h e  Impact v e l o c i t y  r e s t o r a t i o n  c o e f f i c i e n t  ( 1 / ~ )  > 1 (by 



t h e  forward s o l u t i o n ,  R > 1 ) .  Moreover, we change t h e  s i g n  o f  
t h e  v e l o c i t y  ( t h e  v e l o c i t y  b e f o r e  1n;pact Is  n e g a t i v e  and a f t e r  
impact ,  p o s i t i v e ) .  The p ~ l s e a  a l s o  a r c  n e g a t i v e .  

The v e l o c i t y  b e f o r e  impact i n  t h e  forward s o l u t i o n  corlaesponds 
t o  t h e  v e l o c i t y  a f t e r  impact i n  t h e  r e v e r s e  one.  

We reckon phase @ from impact t o  p u l s e .  For  n- fo ld  modes 
(n  i s  t h e  number o f  o f  t h e  e x t e r n a l  f o r c e  between t v o  s h o c k s ) ,  

+ 2 r ( n  - 1 )  i s  p l o t t e d  i n  t h e  f i g u r e s ,  l e e . ,  from a  shock 
o l lowing  p u l s e .  We d e s i g n a t e  t h e  phase i n  t h e  o p p o s i t e  /224 - 

d i r e c t i o n  2n - @is s i n c e  t h e  phase p e r i o d  between two p u l s e s  i s  
2n ' T 2r$, where T, i s  t h e  time from impact t o  3 u l s e ) .  We 

reckon t h e  phase between succeed ing  p u l s e s  a7d shocks;  t h i s  cor -  
responds  t o  t h e  phase between a shock and t h e  f i r s t  p u l s e  i n   he 
forward s o l u t i o n .  

A t  moment t = 0,  t h e  mass i s  i n  the  c a t c h  (xo = 0 ) .  We s e t  
The phase @ i s  from t h e  s t a r t i n g  moment t o  t h e  f i rs t  p u l s e  

t h e  e x t e r n a l  Porce.  

F ig .  1. Capture  r e g i o n s .  

252 

Capture   region^ i n  th.  d i r e c -  
t i o n  o f  i n c r s a s e  i n  t ime  are shown 
i n  F i g s .  1, 2 and 3, a t  v a r i o u s  
w id ths  o f  t h e  e x c i t i n g  p u l s e  ( p u l s e  
h e i g h t  i s  6 .53 ) .  

A t  l a r g e  p u l s e  w id ths ,  t h e  
zones a r e  less d i v e r s e  and wide,  
and w i t h  narrower  p u l s e s ,  t h e >  
a r e  a l l  d i v e r s e  and nar rower .  Thus, 
f o r  example, a t  AT = 0.0b27;;, t h e  
l as t  zone f i l l i p g  t h e  e n t i r e  r e g i o n  
I n v e s t i g a t e d  ( l x  = 100 v )  i s  ?-2-1; 
a t  A T  = 0 . 0 5 2 ~ ~  t h i s  zone w i l l  be /226 
4-3-2-1; and,  a t  AT = 0 . 0 3 4 1 ~ ~  8-5- 
3-2. (The f i g u r e s  d e s i g n a t e  a  
m u l t i p l i c i t y  f a c t o r ,  t h e  number o f  
p u l s e s  between two ne ighbor ing  
impact p o i n t s ;  f o r  example, t h e  
d e s i g n a t i o n  8-5-3-2 means t h a t ,  
a f te r  e i g h t  p u l s e s  between two 
ne ighbor ing  impact p o i n t s ,  f i v e  
p u l s e s  f o l l o w ,  t h e n  t h r e e  p u l s e s  I 2 2 8  
and a  mode w i t h  two p u l s e s  between 
shocks i s  e s t a b l i s h e d . )  



E'ig, 2,  Capture regions. Fig. 3, Capture reglons. 

3' 
Fig, 4. Trajectory of motion o r  maas with time, by solu- 
tion of differential  equations during increase and decrease i 

2 

in time. 
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~ i g .  5. Phase p l a n e .  

It h ~ s  been deteA*mined t h a t  
Ihe  zones a r e  t8epea ted  p r e c i s e l y  
frcm b o t t o n  t o  top .  That i s ,  a t  a 
p u l s e  wid th  A T  0.OC34~, t he  zones 
a r e  l o c a t e d  i n  t h e  fo l lowing  o r d e r :  
1, 2 ,  2-1, 3-2-ij  ?-2, 3-1, 4-3-2-1, 
4-2-i, 4-2, 5-3-1, 5-3-2, 5-3-2-1, 
5-2-1, e t c . ,  up t o  8-5-3-2. A t  
Ar m 0 . 0 5 2 ~ ~  we have 1, 2 ,  2-1, 
3-2-1, 3-2, 3-1, 4-3-2-1, and a t  
k r  = 0.06Z';r, cn ly  i s  2 ,  2-1 and 
3-2-1. 

F ig .  6 .  T r a j e c t o r y  o f  motion of ma8s w i t h  time. 
) dr 

--.-Y~ 
T. 

m a  1.0, f i m ; 1 % b  
4lt 

A-6.53, f=J5fiw; 
The t r a j e c t o r i e s  o f  t h e  motion 

of  t he  massce w!.th time and i n  t h e  
phasc p l a n e ,  by s o l u t i o n  of  t h e  
d i f f e ~ ~ c n t i a l  e q u a t i o n s  of motion 
wi th  i n c r e a s e  and d e c r e ~ s e  i n  time, 

4 a r e  shown i n  F i g s .  4 ,  5 ,  6 and 7 .  -. - ~ k .  7 .  Phaee p lane .  
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CERTAIN CHARACTERISTICS AND CAPTURE REGIONS 
OF NOKLJNEAR VIBRATING SYSTEMS 

V.L. Ragul'skene 
(Kaunas ) 

It has been shown that, not only free vibrations of a system, 
but vibrations which are multiples of them in frequency, are of 
importance in research. The corresponding periodic forced vibra- 
tions of the type n/m (n is the number 3f periods of disturbance /229 
between periods of movement and m is the number of periods of move- 
nent in one period of disturbance), generated by a harmonic or close 
to harmonic disturbance,are propagated close to the corresponding 
curves of the free vibrations, i.e., close to the "skeleton" curves 
and their frequency mult iples : 

where m is the mass, A is the maximum deviation and w is the fre- 
quency. 

In our example (Fig. l), subharmonic vibrations of the type 
n = 3 (m = 1) are propagated close to the curve 

It has also been proposed that investigation of transitional - /231 
modes of motion and capture regions be carried out by precise 
methods in phase sppce, with the least number of coordinates. Thus, 
fo? example, for n~nautonomous szcond order equations (for example!, 
the Duffing equations), in place of three variables (coordinates, 
velocity, phases), it is proposed to use two: velocity during transi- 
tion of the coordinate through zero and phase 

Plotting the transitional modes in this coordinate system 
(Fig. 2) considerably simplifies the investigation, since it is 
plotted in a plane, in a coordinate system with two variables. 



Transitional modes were 
investigated by the mathe- 
matical modeling method on 
an analog computer, in the 
directions of increase and 
decrease in time. Modeling 
in the reverse direction from 
the unstable point, we imrnedi- 
ately obtain the capture 
region (Fig. 3 ) .  

Fig. 1. Amplitude-frequency charac- 
teristics: 1. free vibrations; 
2. multiple frequencies of the free 
vibrations (n = 3); 3. forced har- 
mocic vibrations; 4. subharmonic 
third order vibrations (n = 3). 

Fig. 2. Transitional modes of motion 
and catture regions. 



Fig .  3 .  B i f u r c a t i o n  cu rve  of  harmonic modes 
o f  motion n = I ,  de te rmined  by s o l u t i o n  o f  
d i f f e r e n t i a l  e q u a t i o n s  of  motion i n  t h e  d i r e c -  
t i o n  o f  d e c r e a s e  i n  t ime  from an u n s t a b l e  
s i n g u l a r  p o i n t .  
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B ELECTRONIC D A M P I N G  OF MECHANICAL VIBRATIONS 

P. V a s i l t y e v  and A .  Navitskas 
( V i l  nyus ) 

I n  measuring and r e c o r d i n g  t h e  p a t t e r n s  o f  v i b r a t i o n  of  a  
p rocess  being i n v e s t i g a t e d ,  f o r  example, t e n s i l e  s t r e s s  v ib ra -  
t i o n s  of  a magnetic c a r r i e r  ( t a p e  o r  w i r e ) ,  t h e  frequency of  t h e  
process  be ing  i n v e s t i g a t e d  must be an o r d e r  o f  magnitude lower 
t h a n  t h e  n a t u r a l  f requency of  t h e  s e n s i t i v e  r e c e i v i n g  element ,  
f o r  s u f f i c i e n t  accuracy .  

The e l a s t i c  element n u s t  damp, f o r  t h e  frequency range  o f  
t h e  v i b r a t i o n a l  p a t t e r n s  be ing  i n v e s t i q a t e d  t o  be expanded, i n  
p a r t i c u l a r , o f  t h e  t e n s i l e  s t r e s s e s  of  a  moving s i g n a l  c a r r i e r .  
The n a t u r a l  f requency o f  t h e  f l e x u r a l  v i b r a t i o n s  of  t h e  s e n s i t i v e  1232 
element i s  determined by t h e  fo l lowing  express ion :  

where 1 i s  t h e  l e n g t h  of t h e  arm, E . 1  i s  t h e  f l e x u r a l  r i g i d i t y ,  
m i s  t h e  mass of  a l i n e a r  u n i t  of t h e  arm, a i s  from equa t ion  

i 
i and t h e  r o o t s  of  t h i s  equa t ion  a r e  

A method i s  groposed f o r  damping mechanical v i b r a t i o n s  of 
e l a s t i c  s e n s i t i v e  e lements  wi th  semiconductor s t r a i n  gauges,  based 
on e l e c t r o l l i c  compensation o f  t h e i r  n a t u r a l  ( resonance)  v ibra l - ions ,  
a schematic  diagram of  which i s  dep ic t ed  i n  F i g .  1. 

The arm, which i s  s e n s i t i v e  t o  bending, c o n s i s t s  of  bimorph / 2 3 3  -- 
glued o r  so lde red  piezczeramic p l a t e s  1 and 2 ,  on t h e  o u t e r  s i d e s  
of  which semiconductor s t r a i n  gauges 3 and 4 a r e  glued.  The piezo-  
ceramic p l a t e s  a r e  inc luded i n  a  c l o s e d  e l e c t r i c a l  c i r c u i t :  p l a t e  1, 
r e s i s t o r  5, a m p l i f i e r  6 ,  phase s h i f t e r  7 ,  p l a t e  2. 



Fig.  1. Meter block diagram -- stress 
sensor  cons t ruc t ion :  1, 2 piezoceramic 
p l a t e s ;  3 ,  4 s t r a i n  gauges; 5 load  
r e s i s t a n c e ;  6 a m p l i f i e r ;  7 phase-shif t -  
i n g  c i r c u i t .  

F ig .  2 .  Meter amplitude c h a r a c t e r i s -  
t i c :  s o l i d  l i n e ,  glued p l a t e s ;  dashed 
l i n e ,  so lde red  p i e z o p l a t e s .  

During t e n s i o n  v ib ra -  
t i o n s  of t h e  moving c a r r i e r ,  
an emf i s  generated i n  
p l a t e  1, which inc ludes  
t h e  stress measurement 
v i b r a t i o n  s i g n a l  p l u s  s t ray 
n a t u r a l  v i b r a t i o n s  of t h e  
arms. The l a t t e r  a r e  
e x t r a c t e d  by resonance 
a m p l i f i e r  6 and, pass ing  
through phase sh i f te r  7 ,  
by means of c r e a t i n g  
f l e x u r a l  a n t i p h a s e  v ibra-  
t i o n s  i n  p l a t e  2 ,  t hey  
damp t h e  arm. 

The n a t u r e  of t h e  
v a r i a b l e  component of t h e  
s t r e s s  v i b r a t i o n  s i g n a l  
can be determined w i t h  
r e s i s t o r  5. S t r a i n  gauges 
3 and 4 r e g i s t e r  changes 
i n  t h e  s t r e s s  on the  moving 
s i g n a l  c a r r i e r ,  t a k i n g  
account of i t s  i n i t i a l  
l e v e l .  The c a l i b r a t i o n  
does not  d i f f e r  from t h e  
normal c a l i b r a t i o n  o f  t h e  
arm with t h e  s t r a i n  gauges. 

The output  vo l t age ,  
e x c i t e d  i n  t h e  piezoceramic 
p l a t e ,  can be s u b t r a c t e d  
from t h e  c o e f f i c i e n t  of 
l o n g i t u d i n a l  deformation 
of t h e  p iezo  m a t e r i a l :  

where g  i s  t h e  l o n g i t u d i n a l  
deformation c o e f f i c i e n t  and 
E i s  t h e  Youna's modulus 
of t h e  m a t e r i a l .  From /234 
t h i s ,  

where E IS t h e  r e l a t i v e  
deformation due t o  s t r e t c h -  
i n g  and t i s  t h e  p l a t e  
th ickness .  



The ampli tude and frequency c h a r a c t e r i s t i c s  of s p e c i f i c  s e n s o r s  
(arm l e n g t h  1 - 25 mm, width  b  = 7 mrn, t h i c k n e s s  d  = 0.5  mm, TsTS- 
19  p iezoceramic)  a r e  shown i n  F i g s .  2 and 3 .  The c h a r a c t e r i s t i c s  
of  glued s e n s o r s  a r e  i n d i c a t e d  by dashed l i n e s  and of  so lde red  ones,  
by s o l i d  l i n e s  [ s i c ] ,  

F ig .  3. Met2r f requency charac-  
t e r i s t i c :  t h e  s o l i d  l i n e ,  glued 
p i e z o p l a t e s ;  dashed l i n e ,  so lde red  
p i e z o p l a t e s .  

F ig .  4 ,  Tape s t r e s s  v i b r a t i o n  
c sc i l log ram:  s o l i d  l i n e ,  w i t h  
undamped arm; dashed l i n e ,  
u s i n g  e l e c t r o n i c  damping. 

The s p e c t r a l  d e n s i t y  of  
t h e  p a t t e r n s  of  change : n  
s t r e s s ,  measured by t h e  s e n s o r  
wi thout  damping ( s o l i d  l i n e )  
and w i t h  e l e c t r o n i c  dampin 
(dashed)  i s  shown i n  F i g .  f . 

The proposed method of /235 
damping mechanical v i b r a t i o n s ,  
by means of  i n j e c t i o n  of  e l e c -  
t r o n s  through a r e v e r s e  con- 
n e c t i o n ,  pe rmi t s  t h e  range  o f  
t h e  f r e q u e n c i e s  measured t o  be 
s h a r p l y  expanded, i n  v a r i o u s  
s y s t e m s  o f  measurement of  
s t r e s s  v i b r a t i o n s  of  moving 
s i g n a l  c a r r i e r s ,  and i t  a l s o  
f i n d s  use  f o r  damping t h e  
n a t u r a l  , v i b r a t i o n s  of  mechani- 
c a l  s t r e s s  s t a b i l i z e r s  of  
t a p e  and wi re  r eco rd  c a r r i e r s .  
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SYNTHESIS OF MECHANISMS WITH FLEXIBLX 
CENTRIFUGAL-INERTIAL CONNECTIONS ACCORaING TO 

FIXED DYNAMIC CHARACTERISTICS 

K.M. Ragul'skis and I.K. Yaroslavskiy 
( Kaunas ) 

A designer, creating a strong and light instrument, guarantee- 
ing uniform movement of the performing elements, independent of 
what vibrations are accomplished by the remaining part of the unit, 
taking the nature of the measurement of external loads into account, 
operates with two parameters: the moments of inertia of the mass 
and rigidities of the transmission lines, of which, with relatively 
constant geometric dimensions of the drive assembly, the more easily 
measured parameter is the rigidity of the transmission line of the 
drive or, more likely, the most pliable part of it, the couplings. 

There are a number of criteria for selectlnn of dynamic char- 
acteristics of the couplings at the present time, which are indica- 
tors of a number of basic properties of the transmission: vibration 
isolation, vibration quenching, etc. The most promising are coup- 
lings with a nonlinear relation bet:~een the magnitude of the torque 
transmltted and the magnitude of eeformation of the coupling, since 
couplings with nonlinear characteristics convert a linear torsional- 
vibrating sbstem into a nonlinear one. 

The problem of the optimum planning of dynamic systems has /236 
been solved by a ni~mber of authors. A.N. Goiubentsev [l] examined 
the question of the minimum dynamicity ccefficient under conditions 
of a constant external load. S.A. Pankratov [2] obtained an equation 
of motion of a dynamic system under external loads, which change 
according to a monoharmonic pattern. P.F. Pankovich 133 examined 
a two-mass systeci (steam engine-turbine), connected by two types of 
couplings: flexible and hydraulic, and he developed a method for 
defining recommendations for decrease in the torsional vibrations 
of ship turbines. V.S. Gaponov and N.F. Kirkach 14, 51 proposed a 
general method for obtaining the relation of one of the system para- 
meters to the remaining parameters, and they obtained a second 
kind of solution of a sy~tem of differential equations of a mechani- 
cal system with elastic coupling, by means of the Volterra equation. 
This solution does not contain the roots of a characteristic equa- 
tion as constants, but parameters of the system, i,e., a change 
in any parameter directly affects the magnitude of the transition 
process function. 

The creation of mechanisms, the structures of which provide 
given dynamic characteristics, was examined in work [6], for self- 
synchronizing speed transmissions, and in the work of R.L. Dikov- 
skiy and A.T. Poletskiy [7 ] .  In thin work, the profile of the cam 



"i 
of an ungraduated p u l s e r  of t h e  system of  M.F. Balzhi  was d e t e r -  2 :  ? 
inined, corresponding t o  t h e  d e s i r e d  p a t t e r n  o f  movement of t h e  ,{ . 

dr iven  s h a f t  of t h e  p u l s e r .  The Minsk-1 d i g i t a l  computer was 1 
used f o r  p r o c e ~ s i n g  t h e  d a t a  i n  work [ 7 ] .  j 

I '5 

The 
i n e r t i a l  
p r o f i l e s  

c o n s t r u c t i o n  of mechanisms, wi th  f l e x i b l e  cen t r i fugab-  
(FCI) connect ions [81, by i n t r o d u c t i o n  of c u ~ v i l i n e a l ~  
i n t o  them a l s o  can ensure  t h e  product ion  of a  given 

dynamic c h a r a c t e r i s t i c .  

where M i s  t h e  mean value  of t h e  to rque  t r a n s m i t t e d  by t n e  Coupling; 
m i s  t h e  c o r r e c t e d  t o t a l  mass o f  t h e  c e n t r i f u g a l  weights;  r i s  t h e  
c o r r e c t e d  e x t e r n a l  fo rce  arm; w i s  t h e  mean angu la r  v e l o c i t y  of  
r o t a t i o n  o f  s h a f t s  1 and 2 ;  a = $ 1  - $2 i s  che d i f f e r e n c e  i n  phase 
between t h e  d e f l e c t i o n  ang les  of t h e  d r i v i n g  and d r i v e n  l i n k s ;  and . . 

c  i s  t h e  t o t a l  r i g i d i t y  of t h e  f l e x i b l e  elements ,  i .. 

Examples of  mechan- .? B 
isms w i t h  FCI, wlth sym- 2 

m e t r i c a l  a  and asymmetri- 7 ,,, c a l  b c u r v i l i n e a r  p r c i i l e s ,  ! :  
a r e  presented  i n  Fig .  1. i .. 

3 I n  t h e s e  mech&nisms, move- 'i; 

V' 9 
We i l l u s t r a t e  ae te rmina t ion  of t h e  t h e o r e t i c a l  shape of t h e  

c u r v i l i n e a r  p r o f i l e  of a system wi th  FCI, providinp t h c  given 
dynamic c h a r a c t e r i s t i c ,  by t h e  example of  a symmetric system wi th  
FCI, t h e  c a l c u l a t i o n  scheme f o r  which i s  shown i n  F ig .  2 .  

' I  

For t h i s  type  of mechanism, wi th  t h e  a i d  of t h e  Lagrange 
equa t ion  of  t h e  second kind,  t h e  fo l lowing r e l a t i o n s h i p  was 
obta ined i n  work [83: 

r 
ment from d r i v e  l i n k  1 t o  .i 

t h e  d r i v e n  one 2 i s  t r a n s -  r 

rntttsd oy f l e x i b l e  elements  3 
3 ard c e n t r i f u g a l  masses m 
'4 ;.re massless  r!gid l i n k s ) .  . 

4 L + .  
For t h e s e  mechanisms, 

i n  t h e  s t e a d y - s t a t e  mode of  
b movement, i . ~ .  dur ing  r o t a -  il 

t i o n  of  s h a f t s  1 and 2 wi th  
Fig .  1. uniform angular  v e l o c i t i e s ,  

t h e  3ynamic c h a r a c t e r i s t i c  
has  t h e  form 



Fig.  2 .  

where 

Here, 11 and I2 a r e  t h e  moments of i n e r t i a  of  l i n k s . 1  and 2 ,  respec-  
t i v e l y ;  A i s  t h e  deformation of t h e  f l e x i b l e  elements; and II Is  t h e  

I po ten t  l a 1  energy. 

We in t roduce  t h e  des igna t ions  

where lC Is t h e  I n i t i a l  e l a s t i c i t y  l eng th ;  r i s  t h e  crank l e n g t h  
OA = OB; and X arAd Y i s  a coord ina te  system moving t c g e t h e r  wi th  
t h e  mechanism. 

Taking express ions  (2)-(7) i n t o  account ,  we o b t a i n  an equa- 
t i o n  of  t h e  connect ion c h a r a c t e r i s t i c s  from express ion  (1): J 

xcosa(tan$ + t a n 8  + cosp - s i n v t a n t )  



b 
Fig. 3 .  

Solution of Eq. (9) by digital computer permits a 1,imber of 
theoretical curvilinear profiles to be plotted for given dynamic 
characteristics I?,. Examples of these profiles are shown in Fig. 3, 
in the form cf c!irves. These examples illustrate the possibility 
of using FCI as mechanisms with given dynamic characteristics. 4 : i 
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SYNTHESIS OF VIBRATION SYSTEMS, 
HAVING GROUP SYMMETRY OR QUASI-SYMMETRY, 

ACCORDING TO THE FREQUENCY SPECTRUM 

A . I .  Andryushkevichyus and K.M.  Ragu l ' sk i s  
(Kaunas ) 

- -9 C* 

3 r s i o n a l  v i b r a t i o n  systems, wi th  f i n i t e  numbers o f  degrees  
of f re  'dom a r e  i n v e s t i g a t e d .  I n  des ign ing  such systems,  i t  i s  
important  t o  s e l e c t  parameters ,  s o  t h a t  t h e  frequency spectrum of  
t h e  natulaal v i b r a t i o n s  i s  beyond t h e  limits of  t h e  resonance 
danger  r eg ion .  I n  t h e  c a s e  when t h e  system has  a laxage numb=r of 
degrees  of  freedom, c a l c u l a t i o n  of i t s  n a t u r a l  f r e q u e n c i e s ,  as 
we l l  a s  tun ing  out  t h e  resonance danger  zones i s  l a b o r i o u s .  When 
t h e  system being inve:+?gated has  one group symmetry o r  a n o t h e r ,  
s o l u t i o n  of  t h e  problem mentioned above i s  f a c i l i t a t e d ,  as a coz- 
sequence c f  breaking  down t h e  f r e q ~ e n c y b ~ e q u a t i o n s  i n t o  s e v e r a l ,  
which a r e  s m a l l e r  i n  s i z e .  I n  t h i s  a r t ' kc l e ,  an  a lgo r i thm i s  g iven  
f o r  t u n i n g  out  t k -  n a t u r a l  frequency spe t t rum from t h e  fo rb idden  
reg ion ,  by means , '  vary ing  t h e  r i g i d i t y  of  s y s t e n ~ s  having group 
symmetries o r  group quzsi-symmetries.  

Let us  assume t h a t  Cr1-e v i b r a t i n g  sysLem has  some group sym- /241 
me t r i e s .  Then, us ing  t h e  t h e o r y  of  group r e p r e s e n t a t i o n s ,  we 
conve1.t t h e  c h a r a c t e r i s t i c  ma t r ix  of t h e  system i n t o  block-diagonal  
form, i . e . ,  A = , where Ai a r e  q u a d r a t i c  ma t r i ces .  Let 

t h e  resonance danger  r e g i o n  c o n s i s t  of s e v e r a l  n o n i n t e r s e c t i n g  
i n t e r v a l s  (aJ, B j ) ,  where j = 1, 2 ,  . .., r. We compile t h e  

? 

polynomial P(A) = =n (~-~, ) ( ) . -9~)  and t h e  ma t r ix  C = P(A). It i s  
/- 1 

easy t o  s e e  t h a t  ma t r ix  C has  a block-diagonal  fcrm: 

( C i Z i ,  Z i )  
where C j  = P ( P . ~ ) .  We c o n s t r u c t  t h e  f u n c t i o n  ~ ~ ( k ,  Zj ) = (~jrv , 

i i 



where z i  i s  a vector-column, t h e  dimensions o f  which c o i n c i d e  wi th  
t h e  dimensions of ma t r ix  Ci, and k  i s  t h e  v e c t o r  of t h e  va ry ing  
r i g i d i t i e s .  r* 

By s e t t i n g  k  = ko, we f i n d  rnin Fi(ko, Zi), where i = 1, 2 ,  ..., 
i 

s ,  by t h e  s t e e p e s t  descen t  method and we s e l e c t  t h e  s m a l l e s t  of 
them: rnin F1(kO, Z1) = F1(kO, ZlO!. 

z 1 

A t  p o i n t  kg ,  we f i n d  t h e  g r a d i e n t  T O  of f u n c t i o n  Fl(k,  z l c ) ,  
accord ing  L O  v a r i a b l e  k and we assume t h a t  kl = ko + f coo .  

A t  k l ,  we f i n d  rnin Fi(kl,  Z i )  by t h e  s t e e p e s t  descent  method 

and we s e l e c t  t h e  e s t  of them: min Ft(ki ,  Zt) = Fl(klZtl). 
Z t  

Fe f i n d  t h e  g r a d i e n t  F t (k ,  z t l )a l ,  accord ing  t c  v a r i a b l e  k ,  
and we assume t h a t  k2 = kl + $1~1, e t c .  The p rocess  i s  t e rmina ted  
upon s a t i s f y i n g  t h e  c c n d i t i o n  rnin Fj > 0, o r  upon going beyond t h e  

l i m i t s  o f  t h e  p h y s i c a l l y  l e  v a r i a b l e  r i g i d i t i e s ,  o r  upon 
r2ach ing  max rnin Fj. 

1.. z j  

When t h e  system be ing  i n v e s t  ga ted  has  group quasi-symmetries,  
i . e . ,  t h e  c h a r a c t e r i s t i c  ma t r ix  of  t h e  system has  t h e  form A = A + 
+ EB (where A i s  a  symmetric ma t r ix ,  c h a r a c t e r i z i n g  a system wieh /242 P - 
group symmetr e s ,  EB i s  a symmetr ical ly  d i s t u r b i n g  ma t r ix  and E i s  
a small parameter ) ,  it fo l lows  from t h e  Vilant-Gorman theory  t h a t ,  
w i th  a  s u f f i c i e n t l y  small EB, t h e  n a t u r a l  v a l u e s  of  m a t r i c e s  A and 
A. a r e  c l o s e  t o  one ano the r .  According t o  t h e  a lgo r i thm s e t  f o r t h  
above, by va ry ing  t h e  r i g i d i t i e s  on which ma t r ix  A. depends, we 
tune  o u t  t h e  spectrum of t h 2  n a t u r a l  va lues  of ma t r ix  A. r e l a t i v e  
t o  t h e  fo rb idden  r e g i o n , .  'dy vary ing  t h e  r i g i d i t i e s  on which m a t r i x  
EB deperds ,  we f i n d  mir~  I 1 E B I  1;. S ince  t h e  n a t u r a l  va lues  of 

m a t r ~ x  A0 a p p r o x i r s t e  t h e  spectrum of t h e  n a t u r a l  va lues  of  ma t r ix  
A ,  a t  a s u f f i c i e n t l y  s m a l l  rnin I ( E B I  I $ ,  i t can be consideyed t h a t  
t i le system be ing  i n v e s t i g a t e d  has been tuned o u t  r e l a t i v e  t o  t h e  
resonance reg'9ns.  



VIBRATION RESISTANCE OF THE WIRE-FEED 
MECHANISM OF A MAGNETIC RECORDING APPARATUS 

S.P. Kitra and R.-T.A. Tolochka 
( K a u ~ a s  ) 

The n e c e s s i t y  f o r  cnsu r ing  t h e  e f f i c i e n c y  of  magnetic record-  
i n g  appara tuc ,  under conr l i t i ons  o f  e x t e r n a l  mechanical and c l i m a t i c  
a c t i o n s ,  int;r.oduces t h e  problem o f  s t a b i l i t y  of t h e  mechanisms which 
p u l l  th rough ' he r e c o r d  c a r r i e r .  

By s t a b i l i t y  of  t h e  appar:.tus, we mzan i t s  a b i l i t y  t o  o p e r a t e  
normally under s p e c i f i c  e x t e r n a l  i n f l u e n c e s .  Stability charac-  
t e ~ i z e s  p o s s i b l e  modes of o p e r a t i o n .  

The p ~ ~ o b l e m s  f a c i n g  magnetic i e c o r d i n g ,  as w e l l  a s  o t h e r  
d a t a  t r a n s f e r  systems,  can be reduced t o  two b a s i c  problems: t h e  
problem o f  e f f i c i e n c y  and t h e  problem o f  r e l i a b i l i t y .  By e f f i c i e n c y  
of t h e  system, we mean t h e  a b i l i t y  t c  t r a n s f e y  t h e  maximdm amount 
of  d a t a  b y  t h e  most economical means. System r e l i a b i l i t y  i s  d e t e r -  
mined by i t s  r e s i s t a n c e  t o  i n t e r f e r e n c e .  

E f f i c i e n c y  2nd r e l i a b i l i t y  o f  a  c i r c u i t  a r e  determined by t h e  
s t r u c t u r a l  parameters  and by t h e  degree  of p e r f e c t i o n  of  methods 
of p roduc t ion  and t r ea tmen t  of  i n d i v i d u a l  e lements  of  t h e  t r a n s -  
p o r t  mechanism c i r c u i t .  Determinat ion of  t h e  e x t e n t  of  r h e  e f f e c t  
of  t h e s e  parameters  on t h e  c i r c u i t  c h a r a c t e , r i s t i c s  i s  one of t h e  
b a s i c  problems of  magnetic r e c o r d i n g  theory .  

Devices f o r  t r a n s p o r t i n g  magnetic r e c o r d  c a r r i e r s  a r e  coRpara- 
t i v e l y  complicated dynamic systems,  t h e  theory  of which i s  f a r  /243 , I 

from worked o u t .  Not only  t h e  p rocesses  t a k i n g  p l a c e ,  but  t h e i r  $ 

connect ion  wi th  e x t e r n a l  parameters ,  have been s t u d i e d  i n s u f f i -  
c i e n t  l y  . 

1 

Such a p o s i t i o n  f r e q u e n t l y  e l i m i n a t e s  t h e  p o s s i b i l i t y  of t h e  
optimum s t r u c t u r e  o f  a system and, i n  a  number o f  c a s e s , l e a d s  t o  
u n j u s t i f i z d  compl ica t ion  of  i t .  - 

The absence o f  g e n e r a l  methods of i n v e s t i g a t i o n  of magnetic 
r e c o r d i n g  systems hampers t h e  s e a r c h  f o r  ways of f u r t h e r  development. 

Magnetic r e c o r d i n g  appara tus  wi th  wi re  c a r r i e r s  a r e t h e  most 
s t a b l e ,  under c o n d i t i o n s  of  c l i m a t i c  and mechanical i n f l u e n c e s .  
They a r e  p r a c t i c a l l y  s t a b l e  towards c l i m a t i c  i n f l u e n c e s ;  however, 
under mechanics: i n f l u e n c e s ,  a whole s e r i e s  of  f a c t o r s ,  which a r e  
u n c h a r a c t c i , ' s t i c  of normal o p e r a t i n g  c o n d i t i o n s ,  appea r s .  



Fig. 1. Amplitude modulation of signal reproduced with 
MPM [moving permanent magnet] vs. external vibration 
disturbance parameters; AM [amplitude modulation] exceeds 
25% in the zone which is not cror -hatched. 

Amplitude modulation of a signal reproduced with MPM vs. fre- 
quency and magnitude of acceleration of the active external dis- 
turbance is shown in Fig. 1. The mechanisn remains comparatively 
efficient within a small range of change in vibration disturbance 
parameters. 

The prozesses taking place in the mechanism and their aonnec- 
tion with the vibration disturbance parameters must be determined 
for further development of the mechanism. It is interesting that /244 
high-frequency disturbances (over 1.6 kHz! do not show a perceptible 
effect on the efficiency of the mechanism, even at considerable 
accelerations. 

The resonance curves of the case and cover of the cassette 
mechanism are depicted ir. Fig. 2. A very sharply expressed reson- 

/245 ance sets in at a frequency of 200 Hz. Ry comparison of this 
curve with the amplitude modulation curve, it is clear that the 
mechanism has practically no vibration resistance at this fre- 
quency, even at low accelerations. 

Self-starting and stable movement 'zones of a MPM distributing 
mechanism are presented in Fig. 3. It is easy to ascertain that 
these zones are identical, with a small frequency displacement, by 
more attentive analysis of the amplitude modulation a11d distributing , , 

mechanism movement zone curves. The cause of frequency displacement u .  

is the effect of removing the load fi30m the distributing mechanism. , .  i . 
The distributing mechanisn is a dynamically complex assembly, with a *  

many degrees of freedom. Its resonance vibrations are one of the 8: i 
:" 

basic causes of amplitude modulation of the reprod*ceci signals. j $ 

,. , .* ,- 

Q :- 
i > - 
T .  

27 2 <! *%, 

; 



F i g .  2 .  V i b r a t i o n  amplitudes 
of  case  ( 1 )  and cover  ( 2 )  of  
MPM c a s s e t t e  mechanism vs .  
f requency o f  e x t e ~ n a l  v ib ra -  
t i o n  d i s t u r b a n c e  w2th an  
a c c e l e r a t i o n  a = 1 2  g.  

Of cour se ,  what has  been s a i d  
does no t  encompass a l l  sources  of 
d i s t u r b a n c e  of  uniform movement o f  
t h e  wi re  c a r r i e r ,  I t s  d i s t u r b i n g  
e f f e c t  shows up t o  v a r i o u s  degrees  
i n  o t h e ~  assembl ies  and p a r t s .  
Spontaneous r o t a t i o n  o f  guide  
r o l l e r s  and o t h e r  p a r t s  s e t s  i n  
over  wide frequency bands and 
a c c e l e r a t i m  va lues .  For  example, 
an  osc i l log ram of t h e  v i b r a t i o n  
r a t e  of  t h e  wi re  r e c o r d  c a r r i e r ,  
w i t h  an e x t e r n a l  mechanical shock 
t o  t h e  mechanism, i s  p resen ted  i n  
F ig .  4 .  Determinat ion of  t h e  
dynamic c h a r a c t e r i s t i c s  a f  i n d i -  
v i d u a l  assembl ies  and mechanisms 
f a c i l i t a t e s  improvement and opt imiza-  
t i o n  of  t h e  magnetic r e c o r d l n g  
appara tus  as a  whole. 

F ig .  3 .  S e l f - s t a r t i n g  and s t a b l e  movement zones o f  MPM 
d i s t r i b u t i n g  mechanism v s .  e x t e r n a l  v i b r a t i o n  d i s t u r b a n c e  
parameters ;  change i n  d i r e c t i o n  y f  t h e  c ross-ha tching  
cor responds  t o  t h e  d i r e c t i o n  of movement of  t i le distrib- tor. 



Fig. 4. Oscillogram of v ib ra t i on  r a t e  of wire record 
c a r r i e r  ( I ) ,  with a  s i n g l e  mechanical shock ( 2 )  on t h e  
MPM, with acce l e r a t i on  a  = 6 g; t ime mark 0.02 sec .  



Since t h e  s p e c t r a l  approach t o  a p rocess  be ing  i n v e s t i g a t e d  
i s  one of t h e  methods o f  c y b e r n e t i c  d i a g n o s t i c s  of  machines and 
mechanisms i n  eng inee r ing ,  t h e  problem a r i s e s  of e s t a b l i s h i n g  t h e  
accuracy  of de te rmina t ion  of  i t s  s p e c t r a l  composition. I n  systems 
wi th  r e c t i l i n e a r  o r  r o t a r y  movement, t h e  v i b r a t i o n s  appear  i n  t h e  
form of movement r a t e  v i b r a t i o n s ,  which a r e  e q u i v a l e n t  t o  frequency 
modulat ion o f  t h e  s i g n a l ,  i n  p r o p o r t i o n  t o  t h e  mean movement r a t e  
of  t h e  body, 

SPECTRAL COMPOSITION OF A MEASURING SIGNAL /246 - 
D U R I N G  MEASUREMENTS OF VIBRATION RATES OF A . M O V I N G  BODY 

I . - A . I .  Daynauskas and N.N.  Slepov 
(Kaunas-Moscow) 

Let us  examine t h e  c a s e ,  i n  which a harmonic s i g n a l ,  which 
reproduces  and ana lyzes  t h e  c h a r a c t e r i s t i c s  of t h e  frequency modu- 
l a t e d  (FM) s i g n a l  ob ta ined ,  i s  recorded  on a  moving body ( t h e  c a s e  
of  use  of  a  magnetic c a r r i e r ) .  The FM s i g n a l  Is converted t o  a  
f requency-pulse modula+:d one (FPM), a t  phase O v a l u e s ,  which a r e  
mu: i p l e s  of 2 kII, i . e . ,  t h e  p u l s e s  a r e  formed over  t h e  r e p e t i t i o n  
p e l i o d  of  t h e  FM s i g n a i .  Let us  cons ide r  t h a t  t h e  c a r r i e r  speed 
v i b r a t i o n s  (CSV) change harmonical ly .  Af te r  s t a n d a r d i z a t i o n  ove r  
t h e  l e n g t h  and ampli tude of  t h e  p u l s e ,  we o b t a i n  a formula f o r  t h e  
FPI-1-1 spectrum (first k ind)  of  t h e  s e r i e s  from formula ( 4 )  i n  
wcrk E l ] ,  i n  t h e  fcrm 

,-d 

x exp [ j (a,,,,, l+ @mmq)I. 

Here, w o  and t n  a r e  t h e  FPM-1 s e r i e s  f requency and i n i t i a l  
phase; wdr, Qr and sdp, qp a r e  t h e  frequency and i n i t i a l  phase of  
t h e  c a r r i e r  speed v i b r a t i o n  (CSV) d u r i n g  r e c o r d i n g  and r e p r o d u c t i o n  
of t h e  mark, r e s p e c t i v e l y ;  dr and d  a r e  t h e  CSV c o e f f i c i e n t s  
du r ing  r e c o r d i n g  a d  r ep roduc t ion ,  e e s p e c t i v e l y :  

i s  t h e  e q u i v a l e n t  CSV ampli tude d u r i n g  r e c o r d i n g  and r ep roduc t ion ,  /247 - 
r e s p e c t i v e l y ;  g ( w m  ) i s  t h e  n u l t i p l e  s p e c t r a l  d e n s i t y  of t h e  FPM 
p u l s e ;  In and Iq ar% Besse l  funct'ons of t h e  f i r s t  k ind  of  t h e  
i n t e g r a l  index;  



1 
Solving spectrum (1) and reducing it to the actual form, we j 

obtain $ 

3 (mco,) o, - 10 (moo Br) I,  no, g$ cos ~mo, t i 8,) + 
m-- .c 

T~ a,; dr- sin t c ~ , ,  t, 2 )  ---. I ,  (wr0fd$' cos 'qJ r k)nq) f 
9 " - r  

1 
I 

Here, wlq = Wdr + qodp and r g  is the duration of a normalized 
FPM pulse. 

We introduce the designations 



,i 
jj 
s 

g -: 

i ,, 
4 .  

d - 
f 

Here, E is the relative frequency of the deviation, p is the /248  . 
pulse ser'es repetition coefficierit, w j  is the frequency modulating 3 ,1 . 
function, in our case the C 3 V  frequency, and A w o  is the angular 

t 

frequency of the deviatior.. 2 ; 

Let ~3 consider that, in recording and reproducing the mark, 
th? vibrations act with uniform frequencies and that the equ2valent 
CSV amplitudes are equal during recording and reproduction. During 
demodulation cf the FPM-1 series, we use a low frequency filcer 
(LFF) and we restrict ourselves to examination of the freq,uency 
spectrum band 0-w , proseeding from which, we assame m = 1. We 
designate a = T ~ /  9 0.  We express the . lule of the multiple pulse 
spectral density as 

0: 

2 sin Tc 
% f o  - g ( 4  =; sin -- T~ - . 

otq 
2 

Finally, after transformations, we obtain 
Z% 

sin - 
Flt)=a+*s --2. 

%% 
I o ( z ) . c o s ( o  t+O,)+ dr 

%Z sin - 
+ zr 2 zx cos (%r + Cjq)  L 

I sin -1 ( 1 - - 
'I " + ? x [ l + < )  -----*I ( p t ) . ~ , , [ r ( p + n ) l x  

"= - - I  = x i : - - \  

x 1. (2' )  lq ( p i ) .  cos [(car - qc14 r -1 @,,,J + 

z sin -zI (1 + q) 
'A + zz(q+ 1) ---:---- e ? q ~ z ) ~ ~ ~ [ ( 6 , d r + q 6 , ~ t + @ n , j +  

z!2 
11-7: , (1  +q) 

q * o  



The structure of the spectrum 
o b t a i c s d  i n  t h e  g e n e r a l  c a s e  
i s  r e p r e s e n t e d  i n  F ig .  1. 
S p e c t r a l  components of t h e  
type  wdr t qwdp, t h e  ampli- 

h A . d ,  
t u d e s  of  which drop  qu ick ly  
w i t h  i n c r e a s e  i n  q ,  a r e  p r e s e n t  
i n  t h e  spectrum, independent ly  
o f  t h e  LFF t r anspa rency  band I 

s e l e c t e d .  It i s  i n t e r e s t i n g  v V w  t o  n o t e  t h a t  t h e  ampli tude 
1' i 1" 2' 2' L t components odr and wdD,  a t  

i d e n t i c a l  CSV f r e q u e n c i e s ,  
F igure .  Spectrum s t r u c t u r e :  appea r  w i t h  d i f f e r e n c e s ,  
1 o d r ,  odpi 1' Wdr - 90dp; de f ined  5y t h e  Besse l  f u n c t i o n s  
1" Wdr + qWdp; 2 W o ;  2 '  W O  - nudr; 10(c), uh ich  i s  a  va lue  of l e s s  

t h a n  l o $ ,  a t  va lues  of e up t o  
2" w O  - nudr - qwdp; 2"' w O  + nudr + 50%, i n  wkiich t h e  amplitudS 

w i t h  wdr i s  l e s s .  Owing t o  
+ qwd!, t h e  appearlance of  s p e c u l a r  

r e f l e c t i o n  a t  n e g a t i v e  q ,  
a d d i t i o n a l  e r r o r s  a r i s e  a t  i d e n t i c a l  wdp and w a t  t h e  frequen- 
c i e s  wdr = wdp, because of t h e  e f f e c t  of t h e  cdogiined components 
'dr - qWdp* 
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MEASUREMENT OF IRREGULARITIES I N  ANGULAR VELOCITIES /250 
OF R9TATING ASSEMBLIES I N  MEMORY DEVICES 3 2 A. 

ON MAGNETIC CARRIER2 

G . I .  Vi rakas ,  R . A .  Matsyulevichyus, K.P. Minkevichyus, 
Z . 1 .  Po tsyus ,  and B I D .  Sh i rv inskas  

(Kaunas 1 

' 9  

Problems i n  measurement of  i r r e g u l a r i t i e s  i n  angu la r  v e l o c i t y  
of ro t a&ing  assembl ies  i n  mehory dev ices ,  w i th  r i g i d  and f l e x i b l e  
magnetic d a t a  c a r r i e r s ,  a r e  d i s c u s s e d  i n  t h e  work. 

I n  t h e  C e n t r a l  Workshop, S c i e n t i f i c  Research Laboratory of  
V l b r a t i o n  Engineering,  Kaunas Poly technic  I n s t i t u t e ,  a  dev ice  and 
method, a l lowing  de i .? rminat ion  o f  change i n  a n g u l a r  v e l o c i t i e s  i n  
t h e  0.01-1.0% rangc ,  a t  r o t a t i o n  r a t e s  of  0.5-3000 rpm, has  been 
developed.  The frzquency range o f  t h e  p rocess  be ing  i n v e s t i g a t e d  
i s  0-300 Hz. The e r r o r  i n  measuremeat i s  not  more t h a n  +5%. 

Transformation of  t h e  parameter  measured i n t o  an e l e c t r i c a l  
s i g n a l  i s  accomplished wi th  t h e  a i d  of a  no-contact p h o t o e l e c t r i c  
sensor .  A t ime-pulse modulated s i g n a l  (TPM) from t h e  sensor  i s  
conver ted  i n t o  a frequency-pulse modulated (FPM) s i g n a l  i n  t h e  
measuring dev ice ,  w i t h  subsequent  d e t e c t i o n  by means of a  low- 
frequency f i l t e r .  

A schematic  diagram o f  
a p h o t o e l e c t r i c  sensor ,  t h e  
i n s t a n t a n e o u s  s i g n a l  p u l s e  
frequency of which i s  pro- 
p o r t i o 9 a l  t o  t h e  i n s t a n -  
taneous  r o t a t i o n  r a t e ,  i s  
shown i n  F ig .  1. The founda- 
t i o n  of  t h e  sensor  i s  two 
i d e n t i c a l  g l a s s  scanning  
d i s k s  2 and 3. D i s k  3 
t o g e t h e r  w i t h  housing 4 of 1251 
t h e  s e n s o r ,  i s  f a s t e n e d  
s e c u r e l y ,  and d i s k  2 i s  
r i g i d l y  s e t  onto  s h a f t  1 
and i s  r o t a t e d  by t h e  o b j e c t  
measured, Black r a d i a l  
l i n e s ,  t h e  width o f  which 
e q u a l s  t h e  d i s t a n c e  between 

Fig .  1. Schematic di?.gram of  them, a r e  a p p l i e d  t o  t h e  
p h o t o e l e c t r i c  s e n s o r :  1. s h a f t ;  d i s k s .  The l i n e s  a r e  
2 ,  3 .  scann inc  d i s k s ;  4. s e n s o r  a p p l i e d  t o  t h e  i n s i d e s  of 
hnusing; 5 ,  l i g h t  f l u x  source ;  t h e  d i s k s ,  Lee. ,  t h e  d i s k s  
6 .  p1;otocell; 7 .  bea r ing ;  a r e  f a c i n g  one ano4 . e r ,  and 
8. f l e x i b l e  compensating coupl ing .  279 



t h e  d i s t a n c e  between t h e  d i s k s  i s  not  more $ban 0.015 mm. When 
t h e  l i n e s  of bo th  d i s k s  c o i n c i d e ,  l i g h t  f o m  lamp 5 en te r spho to -  
c e l l  6. During r o t a t i o n  o f  s h a f t  1, p h o t o c e l l  6 g i v e s  a  p e r i o d i c  
s i g n a l ,  w i th  a  f requency p r o p o r t i o n a l  t o  t h e  i n s t a n t a n e o u s  a n g u l a r  
v e l o c i t y ,  m u l t i p l i e d  by t h e  number of d i v i s i o n s  (N = 7200). A 
l a r g e  number of  d i v i s i o n s  i n c r e a s e s  t h e  s e n s i t i v i t y  and accuracy 
of measurement, and i t  expands t h e  measurable frequency rar.ge, as 
we l l .  S p e c i a l  f l e x i b l e  :ompensating c o u p l e r  8 e l i m i n a t e s  e r r o r s  
i n  connect ion ,  when connected w i t h  t h e  s h a f t  o f  t h e  measured o b j e c t ,  
and i t  a l s o  e l i m i n a t e s  e r r o r s  i n  measurement, a r i s i n g  due t o  sma l l  
v i b r a t i o n s  of  t h e  a x i s  of t h e  measuring o b j e c t .  The e r r o r  o f  t h e  
angu la r  p o s i t i o n  s i g n a l  can be reduced t o  1 s e c ,  owing t o  t h e  h igh  
accuracy of  t h e  d i s k  d i v i s i o n s ,  a c c u r a t e  al ignment  of t h e  d i s k s ,  
and t h e  i n t e g r a l  method of o b t a i n i n g  t h e  sensor  s i g n ~ l .  

It was r e v e a l e d ,  by a n a l y s i s  of t h e  r e s u l t s  of t h e  experiments  
c a r r i e d  o u t ,  t h a t  misalignment of  t h e  r a s t e r  p o l e s ,  both between 
themselves and v i t h  t h e  c e n t e r  of  r o t a t i o n  of t h e  moving r a s t e r ,  
has a s i g n i f i c a n t  e f f e c t  on t h e  i n c r e a s e  i n  accuracy o f  measure- 
ment. Therefore ,  t h e  e f f e c t  of  e c c e n t r i c i t y  i n  t h e  r a s t e r  dia- 
phragm coupl ing  on t h e  t r a n s m i s s i o n  f u n c t i o n  was i n v e s t i g a t e d .  

The most c h a r a c t e r i s t i c  /252 
g e n e r a l  c a s e ,  when t h e  p o l e s  
of both  r a s t e r s  01 and 02 a r e  
l o c a t e d  e c c e n t r i c a l l y  w i t h  
r e s p e c t  t o  t h e  c e n t e r  of  r o t a -  
t i o n  0, i n  t h e  amounts €1 and 
€ 2 ,  r e s p e c t i v e l y ,  w i t h  0 t a k e n  
as t h e  c e n t e r  of  t h e  p o l a r  
coord ina te  system, i s  s h a m  
111 Fig .  2. We d e s i g n a t e  t h e  
ang les  ft~yrned by t h e  eccen- 
t r i c i t i e s  t o  t h e  p o l a r  a x i s  
by K and v.  Angle v i s  
v a r i a b l e  and depends on t h e  
angu la r  d isp lacement  111 of 
t h e  moving r a s t e r ,  i.e., 
v = vo  + I), where v o  i s  t h e  
111itial a n g l e  ( ang le  v a t  
moment o f  t ime  t = 0). 

Fig .  2 .  Mutual l o c a t i o n  o f  r a s t e r  
c e l l s  w i th  e c c e n t r i c i t y  i n  bo th  For t h e  k-th c e l l ,  t h e  
r a s t e r s :  I. f i x e d  r a s t e r ;  I1 moving d e f l e c t i o n  of t h e  phcse a n g l e  
r a s t e r .  A q k  equa l s  



where ~~2 is the distance+between poles 01 and 02, determined 
from the vector equation €12 = z2 - ifl, R is the mean radius of 
the raster Sand and g is the angular spacing of the lines. 

The quantity @ is determined from the condition 

t -2.. 
sin!++v-3) sin (x-4) ' 

assuming K = 0 and v = 0 in the initial position, 

Substituting expression ( 3 )  in Eq. (I), we obtain 

=l Ah - 3- sin kg + +- sin ( j  -kg). 

The transmission function Il of the raster coupling is deter- 
mined by the ratio of the light flux F passing through the coupling 
to the light flux Fo incident on the coupling, 

For the k-th cell, the transmiasion fuiictic? IIk, taking Eq. ( 4 )  
into account, is expressed by the relation~.~ip 

= !.+? T . - !  cor 1 (?,,I + 1 ,  ;tr[; + n. ? + A 2 , -  12 I 
,,I = ' 1 

The instantaneous angular vibration frequency of the first 
harmonic of series (6) is determined from the expression 



The e r r o r  i n  d e t e r n ~ i n a t i o n  of  t l ie in s t an taneous  r o t a t i o n  /253 j 
r R t e  of t h e  moving r a s t e r  can be r e p r e s e n t e d  by  t h e  f u n c t i o n  

A 

A q u a n t i t a t i v e  e s t i m a t e  of  t h e  e f f e c t  of  t h e  magrlitude of  t h e  
e c c e n t r i c i t y  i n  t h e  r a a t e r  diaphragm coup l ing  on measurement of  
i r r e g u l a r i t i e s  i n  r o t a t i o n  r a t e  can be determined from t h e  r e l a t i o n -  
s h i p s  obta ined .  



INVESTIGATION OF FLUCTUATIONS I N  ANGULAR VELOCITY 
I N  MAGNETIC MEMORY DEVICES 

Yu.A. Meshkis and Z.Yu. Potsyus 
(Kaunas ) 

An a n a l y t i c  s tudy of  f l u c t u a t i o n s  i n  t h e  angu la r  v e l o c i t y  of 
i n d i v i d u a l  assembl ies  of a p r e c i s i o n  mechanical system, c o n s i s t i n g  
of e: c- lec t r ic  motor and a magnetic drum (MD), connected t o  it by 
a  f lzi . ible  coupling,  was c a r r i e d  ou t .  

A dynamic model w a s  compiled, t a k i n g  account of t h e  absence 
of t o r s i o n  i n  t h e  a b s o l u t e l y  r i g i d  s h a f t s  of t h e  e l e c t r i c  motor 
d r i v e  r o t o r  and che MD. The motion was desc r ibed  by Lagrange 
d i f f e r e n t i a l  equat ions  of t h e  second kind 

where 

I and I2 a r e  t h e  summary moments of  i n e r t i a  of  t h e  r o t a t i n g  p a r t s  
o# t h e  d r i v e  and MD, r e s p e c t i v e l y ,  8 1  and 82 a r e  t h e  ins tan taneous  
small d e v i a t i o n s  of  t h e  genera l i zed  coord ina te  from t h e  angu la r  
p o s i t i o n  dur ing  uniform r o t a t i o n ,  h l  and h l2  a r e  t h e  damping coef- 
f i c i e n t s ,  c l  and c l 2  a r e  t h e  r i g i d i t y  c o e f f i c i e n t s ,  M i s  t h e  t o t a l  t d r i v i n g  f o r c e  moment and t h e  f o r c e  o f  r e s i s t a n c e  on t e motor s h a f t ,  
and M2 i s  t h e  genera l i zed  moment of t h e  e x t e r n a l  nonpo ten t i a l  f o r c e s .  

For a  s teady moCe of  movement, wi th  M1 r Asinwt and M2 = 0,  
where A i s  t h e  v a r i a b l e  component of t h e  e x t e r n a l  moments and w 
i s  t h e  angu la r  frequency of t h e  forced v i b r a t i o n s ,  a n a l y t i c a l  
express ions  f o r  t h e  amplitude and phase s h i f t  ang le  of t h e  fo rced  /254 
v i b r a t i o n s  o f  t h e  e l e c t r i c  motor r o t o r  and MD, r e s p e c t i v e l y ,  were 
obtained : 



Fig .  1. Nature of amplitude of Fig .  2 .  Amplitudes o f  f l u c t u a -  
f l u c t u a t i o n  of MD angular  t i o n  of MD angular  v e l o c i t y  v s .  
v e l o c i t y  a t  a  s p e c i f i c  e x c i t a -  q u a n t i t y  of damping 51  a t  
t i o n  frequency r .  s p e c i f i c  f r equenc ies  r. 

The e f f e c t  of i n d i v i d u a l  parameters  on t h e  dynamics of t h e  
e n t i r e  system was determined w i t h  t h e  a i d  of a d i g i t a l  computer. 
Cer ta in  exemplary r e l a t i o n s h i p s  a r e  shown i n  t h e  f i g u r e s  presented .  



INVESTIGATION OF VIBRATION CHARACTERISTICS 
OF ELECTRIC MOTORS 

A . K .  Bakshis and Yu.K. Tamoshyunas 
(Kaunas ) 

d 
An e l e c t r i c  motor propagates  a complex spectrm of  p e r i o d i c ,  "; 

semipe r iod ic  and random v i b r a t i o n s .  The i r  causes  and a d e c r e a s e  f < i n  t h e  v i b r a t i o n  l e v e l  o f  both  t h e  e n t i r e  spectrum and i n d i v i d u a l  ,255 g 
coaponents  of  i t ,  which i s  e s p e c i a l l y  u rgen t  f o r  e l e c t r i c  motors - 
w i t h  i n c r e a s e d  v i b r o a c o u s t i c a l  requi rements ,  a r e  be lng  s e r i o u s l y  6 
i n v e s t i g a t e d  at  t h e  p r e s e n t  t ime.  

I n v e s t i g a t i o n s  of v i b r a t i o n  c h a r a c t e r i s t i c s  of  e l e c t r i c  1 

motors ,  u s ing  mathematical  s t a t i s t i c s  methods, were c a r r i e d  ou t  
i n  t h i s  work. 

A system f o r  measurement o f  e l e c t r i c  motor v i b r a t i o n s  i s  
shown i n  F ig .  1. To e l i m i n a t e  t h e  e f f e c t s  o f  ex t r aneous  v i b r a t i o n s  
and t o  reduce t h e  n a t u r a l  f r e q u e n c i e s ,  a  P = 82 e l e c t r i c  motor 
(TI = 1500 rpm) was suspended on c a b l e  7 .  V i b r a t i o n s  of t h e  
housing were measured by means o f  p i e z o e l e c t r i c  s e n s o r s  8 a t  two 
p o i n t s :  on l u g  I and l u g  11; v i b r a t i o n  of t h e  shaft  r e l a t i v e  t o  
t h e  housing,  a t  one p o i n t ,  at  t h e  end of t h e  s h a f t ,  by means of 
c a p a c i t a n c e  sensor  4 .  The e l e c t r i c a l  s i g n a l  from t h e  p iezosensor  
went t o  SDM appara tus  1, and t h e n  t o  DISA appara tus  2 ,  f o r  record-  
i n g  on photof i lm.  The s i g n a l  from t h e  c a p a c i t a n c e  sensor  went 
d i r e c t l y  t o  t h e  DISA appara tus .  I n  p a r a l l e l  w i t h  t h e  v i b r a t i o n  
s i g n a l s ,  a  p u l s e  s i g n a l  from p h o t o e l e c t r i c  s e n s o r  5,  g i v i n g  a 
''time mark," went t o  t h e  r e c o r d e r .  

' C a l i b r a t i o n  o f  t h e  hous ing  v i b r a t i o n  measurement s e n s o r s  was 
c s r r i e d  out  w i t h  t h e  SDM a p p a r a t u s  need le  i n d i c a t o r .  The fo l lowing  
o p e r a t i o n  was c a r r i e d  ou t  f o r  c a l i b r a t i o n  o f  t h e  capac i t ance  sensor :  
t h e  s e n s o r  was i n s t a l l e d  i n  t h e  o p e r a t i n g  p o s i t i o n  and a known /257 - 
s t a t i c  f l e x u r a l  deformation was s e t  up i n  t h e  e l e c t r i c  motor s h a f t .  
The s i g n a l  ob ta ined  from a  g iven  displacement  was recorded  on photo- 
f i l m  and subsequent ly  se rved  as a measurement s c a l e  o f  t h e  t r u e  
va lues  of t h e  s h a f t  v i b r a t i o n .  A v i s u a l i z a t i o n  o f  t h e  v i b r a t i o n s  
of t h e  e l e c t r i c  motor i n  t h e  v e r t i c a l  d i r e c t i o n  i s  shown i n  F i g .  2 .  

Process ing  of t h e  v i s u a l i z a t i o n s  ob ta ined  was c a r r i e d  ou t  by  
s t a t i s t i c a l  methods, c o n s i d e r i n g  them as f u n c t i o n s  of  a  s t eady  
random process  having e rgod ic  p r o p e r t i e s .  Determinat ion of  t h e  4 ; 
s t a t i s t i c a l  c h a r a c t e r i s t i c s  was c a r r i e d  o u t  by one execu t ion .  * .  1 .  

The i n i t i a l  d a t a  f o r  t h e  d i g i t a l  computer was p resen ted  i n  t h e  
form of a t a b l e  of  v a l u e s  o f  $he random process  X i ,  t aken  over  j : 
e q u a l  i n t 2 r v a l s  of t ime A t ,  s e l e c t e d  i n  such a manner t h a t  t h e  3 
process  d i d  not  change w i t h i n  a s i n g l e  i n t e r v a l .  



Fig .  1. E l e c t r i c  motor v ibra-  
t i o n  measursment system. 

S t a t i s t i c a l  e v a l u a t i o n  of  
t h e  random process  was es tab-  
l i s h e d  by t h e  fo l lowing 
formulas : 

-- eva lua t ion  by c o r r e l a t i o n  
func t ion  

where N i s  t h e  number of  
va lues  of t h e  random process ;  
~ = 0 , 1 ,  2 ,  3 ,  ..., M ; M =  - N/10 i s  t h e  number of cog- - r e l a t i o n  f u n c t i o n  values ;  xl - 
= XI - mx i s  t h e  centered  
execution of t h e  process ;  

F ig .  2 ,  V i s u a l i z a t i o n  o f  e l e c t r i c  motor v i b r a t i o n s  i n  t h e  
v e r t i c a l  d i r e c t i o n :  a )  r o t o r  v i b r a t i o n  wi th  r e s p e c t  t o  t h e  
housing; b )  housing v i b r a t i o n s  a t  t h e  first lug;  c )  housing 
v i b r a t i o n  a t  t h e  second lug ;  d )  e l e c t r i c  motor shaft revolu-  
t i o n  s igna l .  

mx i s  t h e  e s t i m a t e  of mathematical expec ta t ion ;  and t h e  e s t i m a t e  /258 
of t h e  mutual c o r r e l a t i o n  f u n c t i o n  



-- estimate by the spectral density 

x k. ( -1  0.54 i 0.46 cos cos o: I - 1 
-- estimate by the mutual spectral density 

Knowing the basic statistical characteristics of the process 
of vibration of the rotor relative to the housing and of the 
housing itself, we can proceed to determination of the dynamic 
characteristics of' the rotop-housing system. 

Fig. 3. Amplitude-phase frequency characteristic of . - -  

dynamic rotor-housing system -at the first lug, in 
the vertical direction 

An object with one input and two outputq was analyzed in 1 2 5 9  
finding the dynamic characteristics of this sytem. The vibrations 
of the rotating rotor relative to the housing x(t) were taken as 
the input of the object and the vibration of the housing itself 



on one lug or &.he other yl (t ) or y2 (t ) was taken PF +he output. 

The transmission function ok the dynamic rotor-housing system 
was determined from formula ( 5 )  

Fig. 4. Amplitude-phase frequency char- 
acteristics of dynamic rotor-housing 
system at the second lug, in the verti- 
cal direction. 

All calculations 
were carried out with 
the aid of a Razdan 
type digital computer. 

The amplitude- 
phase frequency charac- 
teristics of the dynamic 
rotor-housing system are 
presented in Figs. 3 
and 4. 
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EXPERIMENTAL RESEARCH ON AEROSTATIC SUSPENSIONS - /260 :% 
.g 

L.A. Bushma 
(Kaunas ) 

Three types  of suspension f o r  c a r r y i n g  out  experimental  i n v e e t i -  
g a t i o n s ,  f o r  t h e  purpose of  s tudying a  number of problems i n  dynam- 
i c s  and s t a b i l i t y  of  a suspended c y l i n d r i c a l  body a t  va r ious  dynamic 
loads  were i n v e s t i g a t e d  i n  t h e  work. 

The r e s u l t s  of  uhe experimental  i n v e s t i g a t i o n s  served a s  a  .% 
-? b a s i s  f o r  b u i l d i n g  a  s t and  wi th  a  v a r i a b l e  r e s o n a t o r ,  
:L. 3 
-g 

The experimental  s t and  f o r  suspension of a c y l i n d r i c a l  o b j e c t ,  2 
1 with  a  comparat ively high n a t u r a l  f r e e  v i t r a t i o n  frequency i n  t h e  

v e r t i c a l  d i r e c t i o n ,  co inc id ing  wi th  t h e  a x i s  of t h e  suspended 4 
o b j e c t ,  i s  d i s t i n g u i s h e d  by t h e  p o s s i b i l i t y  02 r e g u l a t i n g  t h e  s i z e  *g 
of t h e  c lea rance  and i s  in tended f o r  c a r r y i n g  out  pre l iminary  
experimental  s t u d i e s ,  f o r  t h e  purpose of s e l e c t i o n  of  optimum 1 

.a 
a e r o s t a t i c  suspension parameters .  +: I 

r' 

The e x p e r w e n t a l  s t u d i e s  showed t h a t  t h e  first suspension has 5 
a  comparatively h igh f r e e  o s c i l l a t i o n  frequency i n  t h e  v e r t i c a l  a 
plane  (more t h a n  20 Hz). 4 

:p 
For r e d u c t i o n  i n  t h e  n a t u r a l  f r e e  v i b r a t i o n  frequency of t h e  

o b j e c t  i n  an  a e r o s t a t i c  l a y e r ,  an improved suspension was developed, ,$ 

which i s  d i s t i n g u i s h e d  from t h e  preceding one by d iamet r i c  c a v i t i e s ,  1 
t h e  volume of which can be r e g u l a t e d  by a  h o r i z o n t a l l y  connected t 

p i s t o n  p a i r .  The des ign  changes in t roduced permi t ted  t h e  n a t u r a l  Y 

frequency of t h e  suspension (12-15 Hz) t o  be reduced; however, a t  1 
t 

a  s p e c i f i c  mass o f  t h e  o b j e c t  and t h i c k n e s s  of t h e  g rease  l a y e r ,  
. f a u t o v i b r a t i o n s  t a k e  p l a c e ,  t h e  genera t ion  of which, i n  t h e  f i r s t  -3 approximation, can be expla ined by t h e  e l a s t i c i t y  of t h e  a i r  and $ t h e  t u r b u l e n t  f lows i n  t h e  working space ,  5 

A Helmholtz a c o u s t i c a l  r e s o n a t o r  u s u a l l y  i s  used f o r  damping 
v i b r a t i o n s  i n  a e r a s t a t i c  suppor ts .  I n  t h i s  case ,  t h i s  r e s o n a t o r  
has one b a s i c  d e f e c t ,  t h e  damping can be c a r r i e d  out  only i n  a  
narrow frequency range.  With change i n  v i b r a t i o n  frequency of t h e  
suspended o b j e c t ,  t h e  s i z e  of  t h e  r e s o n a t o r  must be changed, which 
i s  impossible t o  accomplish wi th  t h e  resona to r  desc r ibed  above. 
Therefore,  an  a e r o s t a t i c  suspension wi th  a v a r i a b l e  volume resona- 
t o r  was developed. 

The a u t o v i b r a t i o n  parameters  (frequency,  ampl i tude)  of t h e  /261 
ob jec t  a r e  changed by a  change i n  o p e r a t i n g  cond i t ions  ( th ick-  
ness  of t h e  g rease  l a y e r ,  p r e s s u r e ,  a i r  flow r a t e ) .  The volume 
of t h e  resona to r  i s  changed and t h e  a u t o v i b r a t i o n  damping range 
i s  extended by means of a p i s t o n  p a i r .  Experimental s t u d i e s  
c a r r i e d  out  showed t h a t  t h e  presence of a  v a r i a b l e  volume r e s o n a t o r  



ensures the lowest natural frequency (5-10 Hz) of free vertical 
vibrations of the suspended object. 

The fundamental relationships between the individual para- 
meters were introduced for calculation and design. A method of 
experimental investigation was introduced, and the apparatus and 
features of measurement of the individual parameters were described. 
The pattern of movement of the vibrating mass of the suspended 
object was determined with precision piezosensors, with subsequent 
double integration in the meter. Studies of the spectral components 
of the vibrations were carried out with the aid of spectrum 
analyzer. 

The results of the experimental studies were presented. The 
static-rigidity characteristics of the aerostatic suspensions were 
investigated. Relationships of the lift of the object, radial dis- 
placement and angular rigidity to load, at various pressures, were 
obtained, and zones of unstable operation were revealed. The ?ela- 
tionship of maxiinum rigidity to blowing pressure was determined. 

Measurement of the free vibrations was accomplished by the 
impact loading method, in both the vertical and horizontal direc- 
tions. The logarithmic decrement of attenuation ~f the vibrations, 
damping, as well as the effect of individual parameters on the 
operation of the system, were determined. 

The relationship of the free oscillation frequencies and 
damping ta blowing pressure was presented. 

The suspension with a variable resonator has a very low S 

natural frequency, which favorably affects the operation of the 
device installed on the object. An object on a suspension with 

i 
a variable resonator has the greatest damping. An increase in 

t 1 
'i input pressure leads to a decrease in damping. The dimension- 

less damping coefficient is small, on the order of several hundred. 
This demonstrates the presence of weak damping in aerostatic sus- 

i a 
pensions. 1 

1 
! 

Dynamic loading of the experimental suspensions was carried 
out with the aid of a centrifugal vibrator. The vibration fre- 
quency was measured in the 5-150 Hz range. The relationship 
between swing of the suspended obJect and blowing pressure was 

i 
1 

I determined at various loads. i 
I 

The relationship of the spread of forced vibrations of the /262 
I suspended objects to the load was determined at various blowing 
I 
I pressures. An increase in load leads to a decrease in thickness 
I of the grease layer. The rigidity is increased at lesser thick- 
I nesses, which entails a decrease in the spread of the forced 
1 vibrations. 





SYNTHESIS OF A CORRECTING FILTER WITH PHASE 
STABILIZATION OF THE ANGULAR VELOCITY OF A SYNCHRONOUS 

MOTOR BY THE FEEDBACK SYSTEM METHOD 

K.A. Kazlauskas and A.I. Kurlavichus 
(Kaunas ) 

Synchronous motors a r e  widely used t o  o b t a i n  s t a b l e  r o t a t i o n  
r a t e s .  The ins tan taneous  speed of t h e  engine i s  changed by t h e  
a c t i o n  of torque  d i s t u r b a n c e s ,  A system of phase s t a b i l i z a t i o n  of 
t h e  ins tan taneous  angular  v e l o c i t y  of r o t a t i o n  of a synchronous- 
r e a c t i o n  motor i s  shown i n  Fig .  1, where PM i s  a  phase modulator,  
SM i s  a  synchronous motor, S i s  a r o t o r  angular  p o s i t i o n  seuzsor, 
PD i s  a  phase d e t e c t o r ,  F i s  a  c o r r e c t i n g  f i l t e r ,  8 i s  t h e  phase 
of t h e  inpu t  e l e c t r i c a l  s i g n a l  and M i s  t h e  to rque  d i s tu rbance .  

Fig.  1. 

With  small  d e v i a t i o n s  of  t h e  inpu t  and output  s i g n a l s  from 
t h e i r  e s t a b l i s h e d  values ,  t h e  d i f f e r e n t i a l  equa t ion  of a synchronous- 
r e a c t i o n  motor can be  p resen ted ,  f o r  v a r i a b l e  va lues ,  i n  t h e  form 

Czct,,, 
P a  $ + ct,;? = + 2:c .I,, 2 + c*,:, 'I -!- 'hf I ' (1) 

where 6 i s  t h e  e l e c t r i c  motor damping c o e f f i c i e n t ,  w o  i s  t h e  e l e c -  
t r i c  motor resonance frequency, I i s  t h e  moment of i n e r t i a ,  c a l c u l a t e d  

292 



on the motor shaft, @ is the change in phase of the electric motor 
supply voltage and a is the change in angular position of the rotor. 

It has been shown that feedback system theory can be - 7  . '3r 
calculation of the correcting filter. Thus, since there ;'r;-rnar~ 
is interest in the reaction of the system to interference, it w a u =  
assumed that B(p) = 0. Taking Eq. (1) into consideration, a 
structural diagram of the system is presented in the form of Fig. 
2, where 

W(p) is the transmission function sought for the correcting filter, 
in operator form, and q(p) is the interference introduced by the 
angular position sensor. 

J 
It is assumed in the first P 

a~proximation that disturbances M .? 
B 

and q are random functions of the 4 : 
"white noise" type. For a system i 
which can be physically realized, 4 -. "r the transmission function W(p) 
is found from the conditions of 
minimum difference in the signals 
M and m, in root mean form. 

Fig. 2. 



STUDIES OF IRREGULARITIES IN MOTION 
OF VIBROSHOCK TYPE MECHANISMS 

S.Yu. Mateyshka 
(Kaunas ) 

Reciprocating motion mechanisms, in which a mass with large 
gaps can be driven with almost uniform speed, are investigated. 
A single-mass system with dry friction, the motlor? of which is 
restricted by two stops, is examined. The system is put into 
motion by kinematic disturbances through a flexible li~~k. 

Periodic modes of movement, under conditions in which the 
disturbance arises from two impacts on the mass (from the right 

, and left stops) are examined. Primary attention was given to 
irregularities in the course of the mass. The shock interaction 
of the mass with the stop was accounted for by the shock speed 
rest or at lo^ ccefficient R. 

The shock-frequency characteristics of the free shock vibra- 
ticils were determined. Expressions were obtained which define 
the transitional process, The phase and velocity of several suc- 
ceeding shocks were determined, After taking account of the con- 
ditions of the steady mode of movement, velocities and phases in 
the steady mode of movement were obtained. Conditions for the 
existence of the steady shock modes of movement were presented, 
and their stability was investigated as weil. For this, line 
equations were compiled, in variations ~n the vicinities of t 
existing modes of motion, from which characteristic equations h - . C  

obtained, thc left side of which is a second degree polynomial 
relative to a characteristic number. Applyirlg the Shur theorem 
to the characteristic equation, we reveal the zones of the steady, 
stable, shock modes of motion. Considering the regions indicated, 
practicable phase and velocity characteristics of the system were 
obtained. 

The results of the investigations were tested by means of an 
analog computer. 

The coefficient of' irregularity in miwement vel~=rity was 
determined from the relationship 

where zAaX and zkin are the maximum and minimum movement velocities 
of the mass in the interval between two succeeding impacts. 

d t 
I 



It was e s t a b l i s h e d  t h a t  t h e  lowest  va lue  o f  t h e  c o e f f i c i e n t  - /265 
o f  i r r e g u l a r i f y  i n  motion was achieved a t  t h e  maximum frequency 
of  o p e r a t i o n  and t h e  g r e a t e s t  va lues  of  t h e  c o e f f i c i e n t  of  r e s t o r a -  
t i o n  of  t h e  impact v e l o c i t y  (F ig .  1). 

-'I 

Fig .  1. C o e f f i c i e n t  of  i r :%.- , ;ular i ty  
i n  v ? l o c i t y  vs .  d i s t u r b a ~ c e  frequency:  
A kinematic  d i s t u r b a n c e  ampl i tude;  
r ha l f -space  betweer s t o p s ;  X n a t u r a l  
v i b r a t i o n  frequency;  R impact v e l o c i t y  
r e s t o r a ~ i o n  c o e f f i c i e n t ;  h  = ~ / ( m r ~ *  ) 
(H i s  t h e  f o r c e  of  dry  f r i c t i o n  and m 
i s  t h e  mass. 

A s  a  consequence of  
t h e  g e n e r a t i o n  of p u l s e  
over loads  of a c o u s t i c a l  
n o i s e  and wave phenomena 
caused by impacts  i n  t h e  
l i n k s  of  t h e  mechanism, 
a r i s i n g  I n  t h e  system 
d u r i n g  o p e r a t i c r  o f  a 
mechanism w i t h  r i g i d  
s t o p s ,  a nonimpact a c t i o n  
system was i n v e s t i g a t e d ,  
i n  which t h e  r i g i d  s t o p s  
a r e  r ep laced  by f l e x i b l e  
ones,  and a  comparison 
o f  both  systems was 
c a r r i e d  o u t .  It wa.s 
e s t a b l i s h e d  thc'.t, i n  t h e  
c a s e  o f  t h e  syztem ~ i t h  
f l e x i b l e  s t o p s ,  it i s  
easy  t o  o b t a i n  a  f i c t i t i o u s  
impact v e l o c i t y  r e s t o r a t i o n  
c o e f f i c i e n t  R f ,  which i s  
c l o s e  t o  u n i t y ,  and t h a t ,  
a t  R - R f ,  bo th  systems 
a r e  dynamically i d e n t i c a l  
(Rf  i s  t h e  r a t i o  of  t h e  
v e l o c i t y  of e x i t  of t h e  
mass from t h e  f l e x i b l e  s t o p  
t o  t h e  v e l o c i t y  achieved 
by t h e  l a t t e r ) .  

The p a t t e r n s  of  change i n  t h e  c o e f f i c i e n t  6 a r e  maintained.  

I n  t h i s  manner, by c a l c u l a t i o n  o f  t h e  dynamic c h a r a c t e r i s t i c s  
of mechanisms wi th  f l e x i b l e  s t o p s ,  when t h e  r i g i d i t y  of t h e  d i s -  
t u r b i n g  f l e x i b l e  l i n k  i s  many t imes  less t h a n  t h e  r i g i d i t y  of  t h e  
f l e x i b l e  s t o p ,  t h e  i n t e r a c t i o n  of  t h e  mass wi th  t h e  s t o p  can be 
assumeC and t aken  i n t o  account  wi th  t h e  impact v e l o c i t y  r e s t o r a -  
t i o n  c o e f f i c i e n t ,  and c a l c u l a t l o n s  can be c a r r i e d  out  wi th  R = R f ,  
which cons ide rab ly  e a s e s  and s i m p l i f i e s  t h e  c a l c u l a t i o n s .  



j 
STATISTICAL DETERMINATION OF THE ACCURACY OF RECORDING /266 1 

OF A HIGH-SPEED ELECTROSTATIC RECORDER i A 

8 A.-A.P. Laurutis and V.P. Laurutis 6 

(Kaunas ) q 4 

The accuracy of recording of rapidly changing processes with 
an electron beam electrostatic recorder, with high-speed 
mechanical scanning, depends on the precision of cperation of all i 

of its assemblies: linearity of the frequency and amplitude charac- 
teristics of the deflection amplifier, focusing quality and dynamic 

the bias 1ighti;;g as well as on the precision of feeding 
data carrier. It should be noted that, at mechanical scanning 
speeds of up to 100-200 m/sec, which are necessary for recording 
data from a 0-50-100 kHz frequency spectrua, the accuracy of 
operation ~f the mechanical scanning assembly is a very complicated + 
problem, especially if it is considered that the distance between 
the data carrier and the cathode ray tube line printing recorder 

rU 

should be held within the limits of 10-30 pm. The precision of 
feeding the data carrier is reduced, due to variability 
in its longitudinal speed and the appearance of transverse vibra- 
tions relative to the line writing tube, variability in the per- 
pendicularity between the directions of the coordinates, hnd 
also due to change in the distance between the cerrier and the 
line writer. This work is devoted to investigation of the data 
recording accuracy, as a function of all the factors enumerated, 
which cause vibrations cf the data carrier and which affect the i 

mechanical scanning precision. In particular, fluctuations in 
the linear velocity of the data carrier while recording cause a 
change in the time scale, according to the fluctuation pattern, 
i.e., a frequency modulation of the process recorded takes place. 
In the general case, the pattern of speed fluctuations, like 
other fluctuations of the carrier, are random processes. Therefore, 
the investigations were carried out by statistical methods. 

be recorded and the speed Let a signal, with frequency fsign 

of the carrier during recording be changed according to the pattern: 

Then the execution period I s  

.i. ; 2: . .., . i %  ,,,,. :., " , " ,  .'. - ,  , . , , h. , $,,, , , ., , "  ... >., , ' . 7 ~  .., , - .  -'.:#* ,..,' . 'I., ' . = I . i . . . . .. . . , a .  . , ,. ,- . , . ,.' ,. 



4 
i 

1 
i.e., modulation of the execution period takes place. Subse- 

f 
/267 f - 

quently, the realizations are sampled and the function entered j: 
into tile computer memory is frequency-modulated. Since the 
sampling is carried out at a considerably slower speed, it can j 

be considered that the sampling intervals are constant and that 
the principal errors appear during recording. The distribution j 
pattern of the recording function frequency, with a known dis- 
tribution pattern of the scanning rate, is presented in the work. i 

Vibrations of the data carrier in the transverse direction 
cause a displacement of the zero line, i.e., in case of absence 
of the scanning beam on the screen of the recording tube, the 
signal recorded will coincide with the carrier vibration signal. I 

Let 'sign (t) be recorded, the carrier displacement be S(t), and 
then the recorded aata takes the form 

A simple summation of the two signals takes place and, with a 
known distribution pattern of the data carrler vibrations in the 
transverse direction, the distribution pattern of the execution 
amplitude can be considered to be known also. 

Nonperpendicularity between 
the data 2arrier velocity vector 
and the line writing tube (Fig. 1) 
causes amplitude and time dis- 
tortions. Let there be recorded 
a signal: 

: I . ,~ ,  t t ) =  L., sin ( (or  i -,,I. then 
L:,, = L', sin x 

A3 = L', cos x sin ((J! :;,I 

Fig. 1. Recording with perpen- The execution function will 
dicular scanning coordinates have the form: i 4 
a # 9 0 ° .  I 

f 
i up([ )  = L', sin x sin !cot - L', cos r sin -: -- ; ., - ;,,j, i 
I 

In the case a + const, phase modulation takes place; in this /2G9 - 
case, the modulated and modulating frequencjes coincide. 

297 g 
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Variability in angle a Z const causes a fluctuation in ampli- 3 
tude and phase, and the phase modulation index is varlable, in 
this case. It was assumed in this work that the pattern of change I d 

in the angle between the coordinates is a random function, with a 
normal distribution pattern, the mathematical expectation of which 
is a0 and dispersion a .  The frequency and amplitude distribution 

1 
i 
3 

patterns were written down and the corresponding conclusions were 
dram. The distribution pattern of the harmonic amplitude and 

t 
harnonic coefficient, as a function of the angle between the co~rdi- 4 
nates, during recording of a harmonic signal, can be presented as j 
an example (Fig. 2). 4 

,i 
d 

The change in distance 1 
betwcen the line writer tube 
and the data carrier causes 1 

a modulation in the bright- i 
ness of the visual image. i 
Since image brightness also \ 
changes, and as a consequence i 

i 
of change in the rate at which + 
the process being investigated i 
takes place, the use of bright- 
ness coordinates fn- trans- 
mission of analog data is 
undesireble, and additional 4 

modulation does not came 
distorbtion of the data. 

$ 

Extensive experimental 4 i 
Fig. 2. Harmonic amplitude Ai and d3ta were presented in the 
distortion coefficient Kr vs.  angle Work, a comparison of the 
between scanning coordinates a. accuraciej nf electrostatic r 

and magnetic recoizin~ was 
made, and the results of the work are used for improving the 
recording accuracy and the quality of t h e  visual image, i 

1 
i 

1 
j 
d 
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INCREASING THE HIGH SPEED OF CENTRALIZED PHOTOSHUTTERS 

D.Ch. Markshaytis and M.G. Tomilin 
(Kaunas ) 

A major criterion for evaluating the quality of operation of 
a centralized photoshutter is the speed of operation of the mechan- 
ism, which depends to a considerable extent on an efficient drive 
system. 

The work is devoted to dynamic optimization of various types 
of centralized photoshutters. The differential equation of the 
motion of the system being investigated has the form 

where 
1 

h = h f p ( - v ~ ,  ;I* 4, - . . , I., ml,  m2. . . . , mm). 2 

L. $ t e 

x1 is displacement of the drive link, 11, 12, ..., 1, are the 
geometric parameters of individual links of the kinematic system; 4 
ml, m2, ..., mn are the masses of the individual links, and F(xl) 2 
is the driving force. 4 

f 
i The optimum high-speed structural parameters of a number of 2 

tyr*cal kinematic systems of drive mechanisms were determined by 
t 

use of a computer. 3 I 

Investigations were carried out to determine the transfer 2 
ratios and engine characteristics for given speeds and accelera- 
tions of the driven units. A series of characteristic types of 

1 
transfer function, expressed by trigonometric and exponential 2 

polynonlals, were studied, and the best, in the sense of high 
spec',, expressions of the transfer ratio were developed. '1 

The investigations carried out permit the conclusion to be /270 
drawn that, by selection of an efficient drive mechanism, the 
high speed of a photoshutter can be considerably increased and 
the shock load on the operating link can be minimized. Thus, by 
appropriate selection of the kinematic parameters of the mechanism, 
an increase in the high speed of a photoshutter of 40-60% is 
achieved. 
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ANALYSIS OF THE DYNAMICS AND FREQUENCY SPECTRUM 
SYNTHESIS OF AN OPTICAL-MECHANICAL SCANNING DEVICE 

,-%+ 

A.I. Andryushkyavichyus, A.L. Kumpikas, and K.L. Kumpikas 
! ( Kaunas ) 

ai 
6 
4 

9 
, . A two-coordinate optical-mechanical scanning device (OMSD), f 

$@ the operating unit of which is a scanning disk, with directional k' 

4 and focusing optics and a board, on which the data carrier is 
placed, is examined. The disk and board are kinematicslly con- 

J nected by a transmission mechanism, consisting of a worm and com- % 
plex gear drive and a tightening screw-nut with correcting device, d 
and It is run by a synchronous type motor. 

i 

f 

The dynamic errors in the system depend, first, on irregulari- L 

ties in rotation of the disk, fluctuations in its axis and vibra- 
tions of the table in the plane parallel to the plane of the disk. 
The basic sources of the fluci&q,ations referred to above are residual j 

disbalance of the rotor and other rotating masses, the periodic 
I 

component of the driving torque of the synchronous motor, variability : 
in the resistance, kinematic errors in the drive and other things. 

The fluctuations can be transmi5tecI to the operating units 
through the kinematic link as a flexural-torsional system, as 
well as through vibrations of the housing of the device. The ,F 

latter is not discussed in the work, i.e., it is assumed that the h 

motor has an individual base and that the vibrations of its housing 
are not transmitted to the device. In view of the fact that the 
masses of the shafts, in comparison with the concentrated masses 
(disks, gears) and their partial frequencies are not of the same 
order, in which the partial frequency of the former is far from 
the high excitation frequency itself, the problem is reduced to 
investigation of the torsional vibrations of the system. 

For dynamic calculations, it is expedient to represent the - /271 ', 

system in the form of a chain arrangement, with inertial masses, 
rigidities and damping values, referred to a single element. 

The dynamic analysis of the system is considerably complicated 
by the self-stopping worm gear, and taking account of the kinematic 
errors and the clearances in the kinematic pairs, as well. 

Y 

Conditions for opening the clearances and the operating con- .{ 
ditions for stopping the worm gear were obtain?<. It was estab- 

* 

lished that, under normal conditions of sgeration of the device, 4 
4 

the clearances between the teeth are not opened up and that the 
:3 

worm gear operates in the traction mode. d # 



The genera l  c a s e  of dynamics of t h e  dev ice  was resolved by 
mathematical modeling on a  continuous a c t i o n  analog computer. 

The case  of  t h e  normal cond i t ions  of  opera t ions  of t h e  
dev ice ,  t a k i n g  aczount of t h e  kinematic e r r o r s ,  was examined 
a n a l y t i c a l l y  by t h e  smal l  parameter method, It was shown t h a t  
t h e  dynamic accuracy of t h e  system depends mainly on t h e  mutual 
l o c a t i o n s  of  t h e  e x c i t a t i o n  frequency spectrum and t h e  n a t u r a l  
v i b r a t i o n  frequency spectrum. The e x c i t a t i o n  frequency spectrum g 

depends on t h e  type  and angular  v e l o c i t y  of t h e  motor, a s  we l l  
a s  on t h e  kinematic c i r c u i t  parameters .  It i s  assumed t o  be 
unchanging i n  s o l u t i o n  of t h e  problem. I n  view of  t h e  f a c t  t h a t  
t h e r e  i s  t h e  p o s s i b i l i t y  of varying c e r t a i n  r i g i d i t i e s  and moments 
of i n e r t i a  (and t h e  n a t u r a l  v i b r a t i o n  spectrum, t h e r e b y ) ,  we 
formula te  t h e  fo l lowing problem. 

Let t h e  forbidden reg ion  be t h e  s e t  of i n t e r v a l s  ( a i S i ) ,  
where i = 1, 2 ,  ..., r ,  u be t h e  v e c t o r  o f  t h e  v a r i a b l e  parameters  
and A s  t h e  squares  of t h e  n a t u r a l  f r equenc ies  (s  = 1, 2 ,  ..., n ) .  ,y I 
The requirement i s  t o  f i n d  t h e  v e c t o r  u*, under which t h e  follow- 5 
i n g  cond i t ions  a r e  s a t i s f i e d :  

.; 

1) A l l  A s  must be l o c a t e d  o u t s i d e  t h e  forbidden spaces;  2 
j 

2 )  The d i s t a n c e  between t h e  forbidden spaces c l o s e s t  t o  t h e  1 t 
edges is  t h e  squares  of t h e  n a t u r a l  f r equenc ies ,  on t h e  one hand, r 
and t h e  boundaries  mentioned above, on the-  o t h e r  hand, must have 5 
maximum values ;  "c 

f 
S 

3 )  The v e c t o r  of t h e  v a r i a b l e  parameters a f t e r  de tuning must 2 
2 

d e v i a t e  t h e  l e a s t  from t h e  v e c t o r  before  t h e  detuning.  To s a t i s f y - e a c h  ; of t h e  cond i t ions  enumerated, t a r g e t  f u n c t i o n s  f (u )  a r e  cons t ruc ted ,  2 
where j = 1, 2 ,  ,.., t and a  g loba l  f u n c t i o n a l  F 1 u )  must be se lec -  
t e d .  The v e c t o r  u*, minimizing t h e  f u n c t i o n a l  F ( u ) ,  i s  a  compromise ,: 
s o l u t i o n  of t h e  problem s e t  o u t ,  i . e . ,  a  s o l u t i o n  i n  which each of i 
t h e  c r i t e r i a  f  (u )  does no t  t a k e  i t s  extreme va lue ,  bu t  i s  i 1 

t h e  most accep a b l e  f o r  s a t i s f y i n g  a l l  t h e  cond i t ions  r a i s e d .  The J 
t a r g e t  f u n c t i o n  f o r  t h e  f i r s t  requirement has t h e  form /272 + - .  

fB(u)  X. X )  f, (u )  = 
( X .  X )  ' 

where B(u) i s  a  matr ix  of t h e  type  



A i s  a symmetrical matr ix  of t h e  c o e f f i c i e n t s  of t h e  system being 
s tudied;  X i s  t h e  vector-column, t h e  number of coordinates of which 
coincides  with t h e  dimensions of matrix B,The t a r g e t  funct ion 
f o r  t h e  second requirement has t h e  form f2,(u) = (ab - Am2,) and 

f2p+ l (u )  = (hmpp+l  - Bk) ,  where p  = 1, 2,  :.., ( t-1)/2;  m2b  i s  
t h e  number of t h e  squarreof t h e  n a t u r a l  frequency c l o s e s t  t o  t h e  
end oC t h e  f o ~ b i d d e n  i n t e r v a l  ah. The t a r g e t  func t ion  f o r  t h e  
t h  r requirement has a quadra t ic  form it (u)  - ( ( ~ ( 0 )  - u ) ,  
( u ~ o ?  - u)), where u(O) i s  t h e  vector  of t h e  va r i ab l e  parameters 
before detuning. 

Since it i s  not known how accomplishment of op t imal i ty  by 
each c r i t e r i o n  i s  r e f l e c t e d  on t h e  o t h e r s ,  a l l  func t ions  f i ( u )  
a r e  not  comparable among themselves. A por t i on  of t h e  t a r g e t  
funct ions  enumerated is.rnaximized, and t h e  o the r  por t ion  i s  
minimized. Besides, they do not have i d e n t i c a l  dimensions. I n  
view of t h e  t h r e e  reasons enumerated, t he  g loba l  op t imal i ty  
c r i t e r i o n  i s  assumed t o  be t h e  dimensionless t a r g e t  funct ion 

where f j O )  i s  t h e  optimum value of t h e  j - th  funct ion.  

The problem s e t  up i s  solved wi th  t h e  a i d  of t h e  fol lowing 
algorithm: 

1. By t h e  method s e t  f o r t h  i n  Eq. ( 2 ) ,  we f i nd  

I f  ffo) r 0, then we f i n d  t h e  spectrum of t h e  squares of t h e  
n a t u r a l  f requencies  As  a t  u' and we s e l e c t  t h e  c l o s e s t  ones t o  
t h e  ends of t h e  forbidden spaces A2. 

2 .  By t h e  method s e t  f o r t h  i n  work [ 2 ] ,  we f ind  



a s  wel l  as 

rnin [ ( U ~ O I - ~ ~ ,  lu l~~ , j  =,.; 
u ' 

under t h e  cond i t ions  

3 .  By t h e  same method a s  i n  t h e  second s t a g e ,  we f i n d  

min F(u), under cond i t ions  rnin :;-$ > O .  i.,< z,. i .,*, 7X. 
u X 

The v e c t o r  u* obta ined i s  a compromise s o l u t i o n  of t h e  problem s e t  
U P  

The e f f e c t  of t h e  a lgor i thm presented  above i s  i l l u s t r a t e d  
by t h e  example of a  branched v i b r a t i n g  chain ,  having e i g h t  degrees  
of freedom. 
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ACOUSTICAL DIAQNOSTICS OF IMPACT PROCESSES 
OF SOLID BODIES 

M.E. Akelis, A.T. Brazdzhionis, Yu.D. Valanchauskas, 
V.K. Naynis, and V.L. Ragul'skene 

(Kaunas ) 

The investigation of impact processes of two solid bodies was 
carried out on two test stands. 

1 Longitudinal vibrations were measured on a vertical stand 
(Fig. 1, where 1 is the object being studied 2 is the vibration 

I acceleratdon sensor, 3 is the sound pickup, 4 is the impact force 
sensor, 5 is the dynamic resistance recorder and 6 are strain 
gauges). Study of transverse vibrations was carried out on the 
horizontal stand (Fig. 2, where sensors were used for recording 
the dynamic processes, as in the stand shown in Fig. 1). 

The results of the experl- /274 - 
mental investigations were pro- 
cessed with the aid of the Minsk-22 
digital computer. The spectral 
and statistical characteristics, 
as well as the transfer functions /275 
between the individual processes, 
were determined by means of 
analysis. A logarithmic amplitude- 
frequency characteristic (1) and 
its approximate curve (2) of 
sound vs. vibration of the object 
being investigated are shown in 
Fig. 3. 

The results of the investi- 
gations can be used for study of 
vibroshock systems, namely, in 
determination of the spectral and 
statistical characteristics, trans- 
fer functions, system parameters 
and sources of disturbance. 

Fig. 1. 



F i g .  2. 

Fig. 3. 



NEW METHODS OF FRAGMENTARY APPROXIMATION 
OF A FUNCTION 

S.0 ,  Kolesnichenko and A.A. Maslov 
(Moscow) 

The overwhelming majority of problems in s2ience and tech- $ 
nology, in particular, problems of cybernetic diagnostics of 
machines, require the use of computing devices, an inherent part 
of which is nonlinear function converters, for their solution. 

!I 
t 
B 

In the report, certain special methods cf fra~mentary approxi- h 
mation of a function are examined and the proya-w,:~s of the most 4 

B 
widespread elementary functions for such apprr .:.tion methods "i 
are investigated, for the purpose of developib.:- :eful charsiteris- 5 
tics and properties for"gractica1 realization, ' ,  \articular, for LI. 5, 
their re@roduction by analog functional converters, with a sig- :E 
nificantly smaller number of controlable or adjustable parameters 1 

4 
than in known ones. * 

:: 
The follawing conditions are prcposed as new criteria, defin- - 1 2 7 8  i! 

ing the pattern of partition of the approximating functions: 

P. 1. Constancy of the product of the approximation interval 3 
length and the increment of the derivatives of the approximating ;f 
functions within these intervals: 5 

,A 

2. Constancy of the product of the length of the approximation 
intervals and the integral of the slopes of the linear-broken 

I approximating curves in adjacent sections of the partition of these 
i functions: 
t 

AK, Ax, =const. 

AKi- L.u,,, =const, 

where AKi = Ki - Ki,l, Ki is the slope of the approximatirig line 
in the i-th section of the linear approximation; and Axi = xi - 

The optimum partition pattern is determined by uniform dis- 
tribution of the maximum methodical error between sections of the 
approximation: 

PRacrn, PA&- NOT ArmD 



where A i s  t h e  g iven  methodica l  e r r o r  3nd $ n ( ~ )  i s  t h e  approxi -  
mat ing f u n c t i o n .  

The c l a s s  o f  t h e  f . n c t i o n s  l w e s t i g a t e d  i s  determined by 
proceeding  from t h e  f o l l o w i n g  p r a c t i c a l  c o n s i d e r a t i o n s :  

1. The p o s s i b i l i t y  of expansion of t h e  f u n c t i o n  (o:* i t s  
cont inuous  s e c t i o n s )  i n  a  Taylor  s e r i e s ,  which i s  provided  by 
t h e  e x i s t e n c e  of  cont inuous  and l i m i t e d  d e r i v a t i v e s  t o  t h e  n- th  
o r d e r  everywhere,  wi th  t h e  e x c e p t i o n ,  perhaps ,  o f  a  f i n i t e  number 
o f  d i s c o n t i n u i t y  p o i n t s  o f  t h e  f i rs t  k ind .  

2. The p o s s i b i l i t y  o f  - w i n g  t h e  a p ~ ~ * o x i m e t i o n  of  po lynomia ls  
o f  f i n i t e  d e g r e e s ,  which i s  provided by d e c r e a s e  i n  t h e  a b s o l u t e  
v a l u e s  o f  t h e  s u p e r i o r  p roduc t s ,  beg innin& w i t h  a c e r t a i n  one. 

3 .  The p o s s i b i l l t y  of  p r e s e n t i n g  t h e  f u n c t i o n  In t h e  form 
o f  t h e  sum of e lementary  cu rves  w i th  t h e  second d e ~ i v a t i v e  of 
unchanged s i g n .  

Taking t h e s e  cond , i t i ons  i n t o  account  and be ing  l i m i t e d  t o  
f u n c t i o n s  o f  t h e  polynomial t y p e ,  n o t  h i g h e r  t h a n  t h e  fif:h d e g r e e ,  
u s i n g  d imens ion le s s  and r e l a t i v e  v a l u e s ,  t h e  polynomials  

were ana lyzed  i n  segment L O ,  11, w i t h  t h e  r e s t r i c t i o r l s  /279 

Replacement o f  polynomial  (5) by segment [ 0 ,  11 o f  t h e  l i n e a r  
f u n c t i o n  = i n t r o d u c e s  a methodica l  eioror: 

The expe r imen ta l  p r o p e r t i e s  o f  t h e  r e l a t i o n  



P4= ?armits  use,  x i t h  an  accuracy adequate f o r  engineering ca lcu la -  
t i o n s ,  of t h e  cond i t ion  

Ar'!a)- Ir=const 

a s  a partition p a t t e r n ,  which i s  c l o s e  t o  t h e  optimum. 

Simi lar  l i m i t a t i o n s  f o r  c r i t e r i a  ( 2 )  and ( 3 )  are denonst ra ted  
i n  a  similar manner. 

The f u n c t i o n a l  conver te r  cons t ruc ted  on t h e  base  of  t h e  par- 3 
t i t i o n  p a t t e r n  generated by cond i t ions  ( 2 )  o r  ( 3 )  provides  t h e  
p o s s i b i l i t y  of use of one and t h e  same c o n t r o l a b l e  parameter ,  f o r  
example, a  potent iometer  o r  d i g i t a l l y  c o n t r o l l e d  c o n d u c t i v i t y , f o r  
simultaneous adjustment of  t h e  func t ion  in two s e c t i o n s  
of t h e  approximation a t  once. ;'I 

3 

were s tud ied  i n  r eg ion  (6), k i t h  t h e  except ion  of one of  t h e  
v a r i a b l e s  converging on a c losed reg ion  of three-dsmensional 
space,  le t  us say,  by a2, 

a3' 
A test of t h e  necessary  condi- 

t i o n s  f o r  ex i s t ence  of an  e x t r e  e i n  t h e  c losed  reg ion  permi ts  i t  
t o  be concluded t h a t ,  wi th  t h e  l i m i t a t i o n s  in t roduced on coef- 
f i c i e n t s  a  r e l a t i o n  !7) ,  f o r  t h e  c l s s s  of  funct ioris  being examined, 
changes w i  $' h i n  r e l a t i v e 1 2  narrow l i m i t s  and i s  l i m i t e d  by t h e  
i n e q u a l i t i e s  

The use of non l inea r  func t ions  +,,(x) f o r  t h e  sppraximations 
maintains t h e  magrlitudes of  t h e  r e l a t i o n s  examined ( 2 ) - ( 3 )  w i t h i n  
s u f f i c i e n t l y  narrow l i m i t s  and genera tes  a  p w t i t i o n  p a t t e r n  which 
is  c l x e  t o  t h e  optimum. 



INVESTIGATION OF A VIBRATION-DAMPING UNIT - /280 
FOR REDUCTION I N  LOW-FREQUENCY VIBRATIONS OF ELECTRIC MOTORS 

N.V, Grigor 'yev and M.A. Fedorovich 

I n v e s t i g a t i o n  of t h e  v i b r o a c o u s t i c a l  c h a r a c t e r i s t i c s  of 
d i f f e r e n t  types  of  e l e c t r i c  motors has shown t h a t  t h e  b a s i c  source  
of v i b r a t i o n s  a t  low f requenc ies  i s  r o t o r  d i sba lance .  

Reduction i n  v i b r a t i o n  a t  t h e  r o t a t i o n  frequency i n  an e lec -  
t r i c  motor i s  complicated by t h e  f a c t  t h a t  i t s  d i sba lance  com- 
ponent of  t h e  v i b r a t i o n  changes i n  t h e  process  of opera t ion  and 
i n  d i f f e r e n t  modes of opera t ion .  

We use a  f l e x i b l e  damping suppor t ,  w i th  a n t i v i b r a t o r ,  t o  
o b t a i n  t h e  v i b r o a c o u s t i c a l  e f f e c t  of r educ t ion  i n  t h e  b a s i c  
harmonic of t h e  r o t o r  i n  an  e l e c t r i c  motor. 

A s i m p l i f i e d  model diagram of  an e l e c t r i c  motor i s  represel l ted 
i n  Fig. 1. I n  t h e  low frequency reg ion ,  we cons ide r  t h e  e l e c t r i c  
motor a s  a  system wi th  concent ra ted  masses and n o n i n e r t i a l  f l e x i b l e  
couplings.  We examine only v i b r a t i o n s  o f  t h e  machine caused by 
t h e  d i sba lance  of  t h e  r o t o r .  The des igna t ions  on t h e  diagram a r e :  

i s  t h e  c o r r e c t e d  r o t o r  mass; i s  t h e  r i g i d i t y  of t h e  r o t o r  a t  
B e  p o i n t  of ct tachment  of t h e  s; Ks i s  t h e  r i g i d i t y  of t h e  /281 
suppor t ;  m, i s  t h e  mass of t h e  motor; Ksa i s  t h e  r i g i d i t y  of  t h e  
e x t e r n a l  shock absorp t ion  and Csa i s  t h e  damping c o e f f i c i e n t  of  
t h e  e x t e r n a l  shock absorp t ion .  

For r educ t ion  of t h e  

1 mp Sin (~l t  low-frequency v i b r a t i o n s  
t r a n s m i t t e d  from t h e  r o t o r  

t + t o  t h e  motor housing, we 

/ n ~  in t roduce  a n  a d d i t i o n a l  mass 
C 

i n  t h e  bea r ing  assembly znd 
we f l e x i b l y  connect a n  
a n t i v i b r a t o r ,  ad jus ted  t o  
t h e  frequency of r o t a t i o n  
of t h e  r o t o r .  

A s  a  r e s u l t ,  we o b t a i n  
a four-mass model, which 

4 - m~ permi t s  t h e  behavior  of ' the 
system t o  be s t u d i e d  i n  a  

lbl r e l a t i v e l y  simple way, a t  

x s  a  G a  var ious  va lues  of t h e  nasses  
of t h e  in te rmedia te  body m2 

/ / I /  / / / / / / / I /  / / I  and a n t i v i b r a t o r s  m4  and a t  
v a r i o u s  va lues  of t h e  

F ig .  1. 



rigidities of the first kl and second k2 shock absorbing cascades 
and flexible antivibrator-intermediate body kq connection (Fig. 2). 
For investigation of the effect of damping on the efficiency of 
operation of the ar-fivibrator, damping coefficient c4 was intro- 
duced into the system. 

Movement of the four- /282 
mass system produced is 
described by the following 
system of differential equa- 

1 m C ~ w 2 3 t h d  t ions : 

~r mr 
i I ml :il + k ,  (fa - s,) = ntscut sin at 

m, .it + c, (.la - .+,) + kl (.r, - .rI) + k2 (.vl - .v3)+ k ,  (xi - x,) = 0 

1 m,~i.,+r,.i,+k,.v,=O 
t f  m, .i, + c, t.6, - .i$ + A-, ( r, - .Y,) = o 

r b 

?fJ m~ I where xl is the displacement 
of the rotor mass ml from the 

Kz 
equilibrium >osition; x2 is 
the displacement of inter- 

> mediate mass rn2 from the equi- 
librium position; x3 is the 

m3 displacement of the housing 
mass m3 from the equilibrium 

ry position; and x4 is the dis- 
placement of the antivibrator 
mass m4 from the equilibrium 
position. 

Fig. 2. For determination of the 
effectiveness of the vibra- 

tion quenching, we determine the value of the amplitude of vibra- 
tion of the motor housing (mass m3), according to the Fig. 2 cal- 
culation model, at various system parameters m ~ ,  mq, kl, k2 and 
k4. All calculations were carried out on a digital computer. 

For an approximate estimate of the effectiveness of the vibra- 
tion protection, a still simpler model can be used, which is an 

4 
P 

indivfdual vibration conductor, by which the vibrations are trans- Q 

mitted from the rotor to the housing (Fig. 3). The basic idea 
of constructing such a calculation model is the simultaneous 
replacement of the exciting force created by the rotor c4isbalance 
and its inertial-rigidity characteristics by a limiting kinematic 
disturbance. 



The e f f e c t i v e n e s s  of t h e  /283 
v i b r a t i o n  i s o l a z i o n  by t h i s  S V E -  
tem i s  determined by t h e  e x p r e s ~ - i o n :  

I 

(k~+ka+k , -m,u* ) (k , -m, .  * ) -k t  I L , ~ ~  = 2010~1---- -- 
2k1 f ka - ma -1) I 

m2 = mib i s  t h e  mass of t h e  i n t e r -  
mediate body; mq = ma i s  t h e  ar!ti- 
v i b r a t o r  mass; and kq = k, i s  t h e  
r i g i d i t y  of t h e  f l e x i b l e  " a n t i -  

Fig.  3 .  vibra to r - in te rmedia te  body" con- 
nec t ion .  

It should be noted t h a t ,  by i n t r o d u c t i o n  of  only  two cascades  
of  f l e x i b l e  elements ,  wi th  a  t o t a l  p l i a b i l i t y  ( l / k l )  + ( l / k 2 )  = A ,  
a c e r t a i n  r e d u c t i o n  i n  t h e  v i b r a t i o n  l e v e l  can be ob ta ined ,  i f  t h e  
r o t o r  i s  t r a n s f e r r e d  t o  t h e  s u p e r c r i t i c a l  mode of opera t ion ,  i n  
t h i s  case .  

Ca lcu la t ions  c a r r i e d  out  by t h e  s i m p l i f i e d  scheme i n d i c a t e d  
above show t h a t  t h e  e f f e c t i v e n e s s  of  t h e  v i b r a t i o n  i s o l a t i o n  i s  
inc reased  wi th  decrease  i n  r i g i d i t y  of t h e  first and second shock 
absorbing cascades.  

The e f f e c t i v e n e s s  i s  inc reased  w i t h  i n c r e a s e  i n  a n t i v i b r a t o r  
mass, i . e , ,  t h e  l a r g e r  t h e  t o t a l  mass of t h e  a n t i v i b r a t o r s  of  t h e  
two-cascade shock absorp t ion ,  t h e  h igher  t h e  e f f e c t i v e n e s s  of t h i s  
v i b r a t i o n  damping u n i t .  3 
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I N  AERONAUTICAL ENGINEEZING 
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The methods and means f o r  d i a g n o s t i c s  of  a i r c r a f t  engines  3 
.:; 

e x i s t i n g  ir i  o p e r a t i o n  (10 not  always permit  t i m e l y  exposure of  a C 
3 

number of d e f e c t s  i n  thehi. 
i 

Among t h e s e  d e f e c t s  a r e :  
1 

i -- breaking  away of  compressor and t u r b i n e  b lades ;  s 

-- dec rease  i n  e f f i c i e n c y  o f  t h e  f u e l  a tomize r s ;  P I -- d e f e c t s  i n  t h e  engine t r a n s m i s s i o n  bear:2gs. 

$' An experiment was c a r r i e d  ou t  under f i e l d  c o n d i t i o n s ,  which 
pe rmi t t ed  i d e n t i f i c a t i o n  o f  d e f e c t s  in t roduced  by t h e  n a t u r e  o f  : 
change i n  t h e  amplitude-frequency c h a r a c t e r i s t i c  of t h e  n o i s e s  and 
v i b r a t i o n s  o f  an  a i r c r a f t  j e t  engine :  

-- compressor b l ade  breakaway, 
-- breakdown of one f u e l  a tomizer ,  
-- breakdown of  t h e  engine  l u b r i c a t i o n  system. 

S imula t ion  of  t h e s e  d e f e c t s  was accomplished by: 

-- c u t t i n g  o f f  t h e  f u e l  supply t o  one a tomize r ,  
-- c u t t i n g  t h e  b lade  of  one s t a g e  o f  t h e  compressor f o r  1 /3  

o f  i t s  l e n g t h ,  
-- d r a i n i n g  t h e  o i l  from t h e  engine  and r e c o r d i n g  t h e  v ibro-  

a c ~ u s t i c a l  s i g n a l s  a f t e r  40 minutes of  o p e r a t i o n  wi thout  
o i l .  .' 

The fo l lowing  appara tus  was used f o r  t h e  experiment:  

a )  S i g n a l  r e c e i v e r :  -- 4145 measuring microphone, w i th  B a e l  and Kjaer Company 
2803 powzr source ,  -- KD-12 se i smic  s e n s o r ;  

b )  Analyzing appara tus :  1. f -- Bruel  andKjae r  Company 2107 a c o u s t i c a l  f requency a n a l y z e r ;  

I c )  Recordi- - appara tus :  4 
, -- ~ r u e l  and KJaer Company 2305 automat ic  l e v e l  r e c o r d e r .  

i 



The investigation consisted of determination of the amplitude- 
frequency characteristics of the noise and vibrations of the engine 
in good i:orking order, with defects introduced. 

For the purpose of determination of the most informative 
operating conditions, the amplitude-frequency characteristics 
were obcained in three modes of operation of the engine. 

For the purpose of dete-mination of the most informative 
signal recording points, the vibration AFC [amplitude-frequency 
characteristics] were measured at six points on the engine and 
the noise AFC were measured at three points. 

Analysis of the AFC obtained shows: 

-- The frequency bands corresponding to the working and blade 
frequencies are the most characteristic in the noise and 
vibration spectra; 

-- The clearest information on the nature of the engine vibra- 
tion was obtained from the engine compressor housing, in 
the case of compressor blade breakaway and simulation of I 
lubrication deficiency and from points on the combustion 
chamber housing in the case of cutoff of its atomizers; 

-- The clearest information on the nature of noise was obtained 
by installation of a microphone in the air scoop area; 

-- Most informative for diagnostic purposes is its stable 
mode of operation with the minimum possible rotation rate; 

-- A discrepancy in one fuel atomizer causes an increase in 
vibration amplitude in the working frequency band at 14 dB. 

There are no significant changes in the rest of the frequency - /285 
range. 

We observe an extension of the frequency band in the working 
frequency zone, upon analysis of the noise AFC, the amplitude of 
which reaches 110 dB. 

The amplitude is increased by 10 dB in the frequency band 
10-20 Hz higher than the working band: 

-- Compressor blade breakaway causes an increase in vibra- 
tion amplitude in the working frequeacy by 20 dB and by 
10 dB in the blade frequency band; 

There is a similar picture upon analysis of the noise AFC: 
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-- Simula t ion  of t h e  engine l u b r i c a t i o n  system breakdown 
was c a r r i e d  out  i n  t h e  presence  of  a broken-off compressor < 4 

b lade .  

I n  t h i s  c a s e ,  a 1 5  dB i n c r e a s e  i n  v i b r a t i o n  and n o i s e  ampl i tude  
i s  observed i n  t h e  frequency band 30 Hz above t h e  working bands. 
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